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PREFACE 


r ri HE theories and explanations given in Vol. I of Roll 
I Pass Design serve one object only, namely the design 
of rolls and roll passes. It is desirable to test the theories 
and to enlarge them by studying, one after another, the rolling 
of the commonly used sections. Such a study shows how far 
we can apply science, and where art and experience begin. 

The very nature of such an in\'estigation causes Vol. 11 to 
be less scientific than Vol. I and to approach being a collection 
of drawings of roll passes. A serious attempt has been made 
to keep this volume above the level of a mere collection by 
pointing out, for each section, the underlying theoretical and 
practical reasons for the shape and size of the passes. Compari- 
son between different methods of rolling a given section also 
assists in making the book a treatise illustrating the application 
of principles rather than a catalogue of passes. 

The appendix, containing information on the rolling of 
tubes and of nonferrous metals should make the volume of 
\'alue to a larger circle of readers. 

Sales records of the first edition show' that the book is being 
studied not only by roll pass designers, but also b\' rollers and 
rolling mill superintendents. The argument is that a roller 
will do his work more intelligenth', if he knows w'hat is going 
on hetw'een the rolls. 

While this second volume is complete in itself, repeated 
reference to Vol. I has been necessary in order to illustrate the 
principles. 

Plates 1 to Vlh inclusive, mentioned in the text, will be 
found in the pocket on th(‘ inside of the back cover. 

Pittsburgh, Pa. 

Dcccmhcr. 193.-3. 
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CHAPTER I 

ROLLING OF SQUARE OR NEARLY 
SQUARE SECTIONS 


Blooming Mill Femes 


B looms, that producl of the blooming mill which gave 
the mill its name, are usually square, or of nearly square 
cross section. In that shape they can be pushed through 
a continuous furnace with the greatest safety. They travel on 
table rollers most easily, they can be stacked safely, and they 
can be rolled into smaller sections quite easily. Indeed, the 
square section has become the almost universal starting section 
for rolling the many shapes demanded by th(' trad^^ There arc* 
exceptions, but they are few in number. 

For many years, ingots were cast scpiare witli rounded 
corners, and most ingots are even today of tliat cross section. 
With such ingots, the* task of the* blooming mill is to convent a 
large sejuare into smaller s(niarc*s. In recent ytnirs, corrugated 
or flntc'd ingots of generally sciuare and also of almost circular 
cross sc'ction liave Ikhu) introduced. They are convcatc'd in a 
few pass(\s into s(iuarc*s with round corners or still more rc'cently, 
into octagons, which arc* then gradually changc*d to scpiares. 
The rc*asons for tin's eliangc* of practice* arc* mc‘tallurgical and 
do not l)(*long into a book which clc‘als sok'ly wilii tin* nic*chanical 
side of roll dc'sign. Tin* roll clc‘signc*r has to adapt liis work, as 
far as possible*, to the* rc*(juir(*m<‘nts which n‘snlt from the* dis- 
c()V(‘ric‘S of the* nu‘tallurgi.st. 


1 
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The rolling of square blooms from practical)}' square ingots 
has been well standardized in the United vStates, wliereas the 
rolling of square blooms from round ingots using the octagon 
as intermediate section has not yet been standardi'zed. 

In the standard method of rolling blooms, the ingot or tlu* 
bloom, or the intermediate product, lies flat on the rolkn* tabU‘. 
for the sake of convenience; because the mill may be recjuired 
to roll other products, such as slabs or beam blanks. An\' 
grooves for diagonal rolling in the roller table would certainK' 
be in the wrong place for different rolls and different sections; 
they would, moreover, interfere with the lateral shifting of tlu‘ 
bloom which is necessary to direct it into the propcn* pass. 

Rolling the ingot flat leads to the use of open box passers 
(for definition of name see page 4, Vol. I), which are, as a 
rule, placed on two-high mills, because only th(^ two-higli mill 
jDermits quick adjustment of center distanc(‘ b('twee>n rolls, and 
also because of the wish to obtain a roll of maximum str(‘ngth. 
Such adjustment is necessary if different shap(‘s ar(‘ to be rollc'd 
on the mill. Closed passes are out of the (iu(‘stion, because th<‘ 
rolled sections are deep compared to th(‘ roll diam(‘t(‘r, and b<‘- 
cause, with that ratio, closed passes would cut mor(‘ d(‘(‘ply into 
the rolls and would require collars which an^ too widc‘. Tin* 
example shown in Fig. 150 and in Tabk' \dll ilhistrates th(‘ 
method of rolling. It was taken from (kiinp and Francis ( 'Fhe 
Making, Shaping, and Treating of Steed) l)<‘caus(‘ it d(\scrib(‘s 
very well that method which was standard for many ye'urs and 
which is still used without change' in man\- mills. While* the 
author has drawings of many other bloe)ining mill rolls, he* has 
not the corresponding scht'dule's e)f practice* in rolling with th(*m. 

The dimensions e)f the section afte'r e‘acli pass an* those* 
given in Camp and Francis’ be)e)k. The e'xteiit of the* j)r()j(*(*te(I 
contact area was calculated (as slie)wn e)n page* 20 of \ol. I) 
hy multiplying the pre)ject(‘d length of contact h\ the a\(‘rag(* 
width of the bar (ingot or ble)om ) in the* pass. The* v alue's of 
the rate of compression and of the compr(*ssion revsislanee an* 
based upe)n a gradually increasing ave'rage* spe*e‘el e)f rolling 
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{KoW neck friction assumed to be 40 per cent of total work, in all passes.) This table refers to Fig. 150, page 3, 
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obtained by multiplying the value given in column 15 for each 
pass by that given in column 16 for the same pass. These values 
of torque do not include roll neck friction. If ordinary sliding 
bearings are used the torque in column 17 must be multiplied 
by about 1-2/3 to obtain the total torque. It should be under- 
stood that the values for the separating force (column 15) and 
the torque (column 17) are only approximate averages and are 
subject to variations within the length of each bloom, because 
neither speed of rolling nor temperature remains constant. The 
horsepower figures are based on the rolls accelerating from zero 
at the beginning of the pass to a maximum speed, then deceler- 
ating to zero at the end of the pass. Values in columns 18 to 24 
represent bending stresses at the roots of the roll necks, and 
at the roots of the grooves in the roll body. In each case, the 
left hand column contains the ideal stress as found, if the bend- 
ing moment is divided by the section modulus. The right hand 
column contains the probable stress, due attention having been 
paid to changes of cross section, radii of fillets, etc. 

The calculation of stresses which is referred to here may 
be considered superfluous by some roll designers, because the 
rolls of a two-high blooming mill seldom break. Circumstances 
might arise, however, which would require the use of heavier 
reductions, or longer rolls with more passes, in which the cal- 
culation of stresses would become e.ssential. 

It will be noticed that the stresses in this blooming mill 
roll and in the one analyzed later on are quite low. It might, 
therefore, appear as if smaller or longer rolls could be used. 
In Germany, longer rolls are indeed used, and a blooming mill 
rolls a larger program than in the United States. But in Ger- 
many, the peripheral speed of rolling is low, and tlu' additional 
impact stresses at tlu' (‘utrance of the ingot (whieh do not aj) 
pear in the calculations) are much .smaller. 

The design of a blooming mill roll with a bullhead will h(‘ 
given later alteiition under the heading “Combined Slabbing 
and Blooming Mills.” It will be seen that the roll in Fig. 150 
has fiv(‘ grooves of difhn-ent width, but of prac'tically e(|ual 
diain(‘t(M'. Th(‘ first (jn(\sti()n that tlu' young roll d(‘sign(‘r might 
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ing mill rolls to wear rapidly. Visual evidence of the side force' 
and resulting wear is provided by the constant stream of sparks 
which issue from the collars. 

These requirements explain the general shape of the bloom- 
ing mill roll, and we now come to the second question: “Why 
is the diameter at the bottom of the grooves almost constant?'' 
For an answer we must study the interaction between semi- 
finished bloom, bottom roll, and roller table. The sketch Fig. 
152 shows that the diameter of the rolls should be such that 
the roll projects about one half of the draft (inches) above 
the roller table. Since the draft is approximately constant, the 
roll diameter must also be approximately constant. In the last 
pass the roll diameter is smaller, for the purpose of obtaining 
as deep a collar as possible. Depth of collars helps guiding. 
Side guards would be very inconvenient. 

Going back to Table VIIl we find from a study of the data 
given in the tabulation that the total reduction, in square inches, 
is low at first, rises rapidly, fluctuates up and down, and finally 
becomes quite low. This distribution of draft is characteristic 
of careful rolling. The first four passes are used for “scjuaring 
up," whereby the conicity of the ingot is removed, and for clos- 
ing blowholes near the surface l^y welding tlie surfaces of th(‘ 
walls of the holes together. The dendritic structure of the ingot 
is also quite weak and must not be subject to heavy strains, 
which fact is another reason for the light, slow drafts of the 
first four passes. After that, reductions can b(' as hea\y' as the* 
strength of the roll and the power of the motor or e*ngin(* permit. 
However, the draft must never be so heavy that too much side 
pressure is exerted against the collars. In tlu* early pass<\s, in- 
gots spread near the top and near the bottom, w(‘aring out a 
pass as indicated in Fig. 153. The bloom then sticks in tin* rolls. 
Towards the end in the last passes, reductions an* (jnite small, 
if a square, sharp cornered bloom is d(‘.sir(*d. 

The roll designer is interested in the method of rolling far 
enough to ask this (juestion: How many groove's and what si/.(* 
of grooves must 1 provide in the blooming mill roll? The primar\ 
factors which determiiu* the an.swer to this (piestion an* tlu* size 
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of the ingot which is to enter the rolls and the size of the bloom 
which is to be produced. First considering the bullhead pass, 
it is obvious that its width must be at least equal to the width 
of the ingot plus the spreading. The number of passes which 
the ingot receives in the bullhead is limited by the amount of 
reduction which can be made before edging. One reason for 
this limitation was explained in Yol. I — pages 74 to 76, namely 
that too great reduction without protection of the sides of the 
bar causes the steel to crack. Another reason for this limitation 
is that as soon as the surface of the ingot becomes colder than 
the interior, spreading will occur at the center of the ingot rather 
than at the top and bottom. (See Vol. 1 — page 97.) Before this 
stage of cooling is reached, the sides of the ingot must be made 
concave to counteract the central spreading. This requires 



Fig. 153 


edging in a groove with a belly. These factors determine the 
thickness of the bar as it leaves the bullhead pass; and because 
the bar is then edged, its thickness bc'comes the' width in the 
next pa.ss. 

In the pass iinmediat<‘ly following the bullhe'ad pass, the 
sides and conu'rs of the bar need no protection against cracking, 
because th('y have just b(‘en subjected to abundant direct com- 
pression. Consec|m‘ntly, some sprc'ading can b(' allowed, and 
the width of the groove may b<' slightly grc'att'r tlnm the width 
of the entering bar. The allowable n'duction in this groove is 
limited by the sanu' factors which wc're pn'vionsly mentioiK'd. 
and this limitation d(‘t(*rmin(‘S tlu' niiinlx'r of passc's wliich the 
bar rec('iv(‘S in this gro()v<‘. TIu' width of tlu' groove' .should 
[)e such that afte'i* the' first pass in the' groove' the' collars pre)vieU‘ 
the ce)rne‘rs of the* bar witli ade'eiuate' prote‘ctie)n against crack- 
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ing. This means that the natural spreading of the bar after 
the first pass should cause it to more than fill the entire width 
of the groove. In this way, the width of the groove is fixed with- 
in fairly definite limits, and similarly, the thickness of the bar 
leaving this groove may be used to determine the width of the 
following groove. 

In designing intermediate grooves, however, it is necessary 
to consider intermediate sizes of blooms which may l>e required, 
and to alter the ideal or theoretical me^thod of rolling so that 
such blooms may be produced. In general it is possible to roll 
a 20 X 20-inch ingot to an 8 x 8-inch bloom in three grooves, or 
to a 4 X 4-inch bloom in five grooves; but in that method of 
rolling it is difficult to produce intermediate sizes of blooms. 

It will be noted that the belly becomes more i)ronounced 
as the groove becomes smaller. This is due to the fact that 
after a bloom has been rolled in a groove with a belly, its entrance* 
in to a flat, wide groove might accidentally be made diagonally, 
which would result in a diamond-shaped billet. The depth of 
the collar seldom exceeds 3 inches, because a depth of 3 inches 
furnishes enough side protection even for an 8-incb bloom. Tlu* 
width of the collar at the root ecpials approximately its depth 
(for reasons, see Vol. I, pages 154, 155). The tap(*r is as much 
as 10 degrees on the side. 

With these data, the information for tin* roll d(‘sign(*r is 
complete. Howexer, he is probably curious to know wh(‘th(‘r 
the above described mc'thod of caixdul rolling is always follow(‘d. 
The answer is “no.” An example* is fun)ish(*d by an()th(‘r set 
of rolls and passes lik(*wise taken from Camp and Francis’ book, 
tabulated in Table IX, and illustrated in Fig. 154. Tlu* data in 
this table were obtained in the saim* way as those* of 4 able* MIL 
It can he seen that tlie draft is lK*avy in the* first pass. The* st(‘(‘l 
is TK)t handled car(*fully, and cracks are* a|)t te) appe‘ar uiile*ss tlie* 
steel is e)f high cpiality. 

From this discussiem it is evident that with a twe)-high n*- 
versing mill the* re)ll(*r has more inllue'uce* on c()rre*et rolling than 
the roll d(*sigiK*r. Fv(*ii if a sepiare* iiige)t is us(*d at the start. 
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the steel can be handled carefully and the surface blemishes can 
be reduced to a minimum, unless a high tonnage is required. 
Matters are different with a three-high blooming mill. 

Rolls for Three-Hif^h Blooming Mills 

Three-high blooming mills, unlike two-high reversing bloom- 
ing mills, do not allow the rolling of several bloom sizes from 
one size of ingot in one given set of rolls, but are useful for 
rolling one and the same bloom with a given set of rolls. For 
moderate reduction, the capacity of a three-high bloomer is 
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Fir. 154 

much gr(‘at(‘r than that of a two-high reversing mill, but tlu' 
steel is severely punished du(‘ to the (piick deformations and 
the heavy drafts of thc‘ early passes. Somc‘ kinds of steel con- 
tain gas pockets (blow holes) near the skin of the ingot. These 
blow holes ar(‘ torn opc‘n by th(‘ bcdbrc'-mentioiKHl combination 
of (juic'k (hd'onnation and h<‘avy draft, hdirthermorc', th(‘ d(‘n- 
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clritic structure of the ingot causes cracks to appear, if the de- 
formation is too rapid. All sorts of surface defects develop, and 
a heavy chipping bill is the inevitable outcome. 

Nevertheless, roll design for a three-high blooming mill is 
interesting as well as instructive, and a considerable number 
of such mills are still in use. For these reasons the design of 
such rolls will be discussed at some length. 

In order to save length of roll, we roll one pass over the 
other, which means that a groove in the middle roll must serve 
for both the top and the bottom roll. Manipulation and edging 
are safe only on the side toward the pulpit; in consequence only 
the bottom passes are edging passes. In further consequence, 
the draft in the bottom passes is much heavier than in the top 
passes, because heavy reduction of the edged bloom prevents 
too deep a grooving of the middle roll. In this method of rolling, 
edging occurs after each two passes. Passes 1 and 2 reduce the 
thickness of the ingot; then edging occurs, and passes 3 and A 
reduce the dimension which was the width of the ingot. Then 
comes another edging; passes 5 and 6 reduce the thickness of 
the bloom; etc. 

Drafts are usually rather heavy in order to obtain the 
necessary reduction on a small mill. Each pair of passes (top 
and bottom) can be used only once per ingot, and a short roll 
can be obtained only by the use of heavy drafts, for the following 
reason. Light drafts mean many passes; many passes result in 
a great roll length, so that, for strength of roll, the passes must 
be spread over two rolls. It might appear that with light drafts, 
an incrc'ase in roll length should be permissible, but such a con- 
clusion would be wrong. If reductions are lightened the pro- 
jected contact ar(‘a is r(‘duce‘d less rapidly than the draft. In 
order to obtain oiu‘ lialf of the projected contact artni, we must 
r(‘ducc tlu‘ draft to one (piarter of its original value, and since 
tli(‘ separating force is v<‘ry nearly proportional to th(‘ proj(‘cted 
contact area tlu' force* is n’duced not nc‘arly as much as tlu* draft. 
Th(‘ I)(‘nding moinc'ut, which is proportional to the* product 
“force tinK‘S roll l(‘ngtli" grows as w(‘ work with ligl)tc*r drafts. 


Drafts ai-<‘, tla'rcfore*, made as h(‘avy as stre'ngtli of roll. 
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entering the ingot or the bloom into the rolls, and metallurgical 
conditions, permit. The latter are frequently disregarded, leav- 
ing strength of roll and entrance or biting re([uirements as the 
limiting features, possibly augmented by considerations of 
strength of driving engine or motor. Two examples will clarif)* 
the features that characterize the design of three-high blooming 
rolls. The first example is taken from Camp and Francis, 'Tlu* 
Making, Shaping and Treating of Steel,*' fifth edition, pages 
499 to 502. 
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The rolls are shown in Fig. loo. An inspivtion of tin' illus- 
tration shows that ihorc are niiu* pass(‘s, that tla* collars !ia\( 
but little slope; that no room is allow(‘d for spnsuling, and that 
the draft is heavicT in th(‘ bottom passes than in the top p.iss'‘s 
(reasons for which wc‘r(‘ gi\(‘n al)o\(*). 




Rolling of S({uare SecHotis' 


15 


The reason for these facts, as given in Camp and Francis’ 
book, is simple. The ingot of 21 x 23 inches cross section is to 
be rolled to a 9 x lO-inch bloom. The reduction calls for a draft 
of 12 inches on one side and 13 inches on the other, or a total of 
25 inches. Since there are five bottom passes and four top 
passes, and since the roll designer considered it advisable to 
make the draft in the bottom heavier, the latter were designed 
for 3 inches draft each, and the top passes for 2 V 2 inches. Five 
times three, plus four times two and one-half, equal 25 inches. 

Table X contains data on dimensions of pass, area, draft, 
(square inches), reduction in per cent, entrance angle, projected 
contact area, product of contact area times average pressure, and 
product of separating force times lever arm. It will be noticed 
that the torque stays uniformly high, being greatest in the bottom 
passes. 

Top roll, middle roll and bottom roll can be made alike, 
but the pitch between top and middle roll must be less than 
the pitch l^etweem middle and bottom rolls, so as to obtain a 
Hatter pass, and reduction of the bloom above the middle roll. 
In the example in question, the top roll is slightly larger than 
the middle roll, and the latter is slightly larger than the bottom 
roll. On page 176, Vol. I, mention was made of the fact that 
this differcmce of roll diameter is most unusual for blooming 
mill rolls, b(‘cau.S(.‘ it k(‘eps the heavy bloom down on the roller 
table and causes it to thump against each roller. 

Since no spreading (or only insignificant spreading) is al- 
lowc‘d, the collars receive' a side thrust eeiual to 25 or 30 per cent 
of the* spreaidiiig force'. Wear is therefore considerable, and the 
rolls do not last long. They are turned ‘yi-inch e)versize and are 
eliscarde'd wheai they are the same amount undersize. It is 
pr()bal)le' tliat flange' abrasie)n de'termines the period of nsedul- 

11(\SS. 


All pa.sse's e)f Fig. 155 have a belly. It has be'en clainuxl 
tluit tli(‘ l)(‘Ily in tlir(‘e‘-high blooming mills olfeTS the' advantage 
of softe'iiing the' blow which occurs wlie'ii the^ ingot or ble)()m 
strike's llu‘ mill. After the' thirel or fourth pass, tlie Ix'lly has the' 
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This table refers to Fig. 156, page 19. B stands for Bottom Roll 

M stands for Middle Roll 
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purpose of preventing spreading in th(^ center ( see also page 97, 
Vol. I). It also offers a good jfface for the ragging. 

The other example is illustrated in Fig. 156 and Table XI. 
This set of rolls also contains nine passes, the differenc(\s b(‘ing 
that their collars are designed w'ith much greater slope, and that 
sufficient room is allowed for spreading. Furthermore, the filhts 
at the bottom of the passes are larger whereby rapid cooling 
of the edges of the ingot and bloom are prevented. With th(‘ 
exception of grooves 1, 3, and 5, in the bottom roll, each groove 
used is provided with a belly. As in the previous (*xampl(‘, th<‘ 
draft is greater in the bottom than in the top passers. Th(* pass(‘s 
of Fig. 156 appear to have been thought out b(‘tt(T than th()s<‘ 
of Fig. 155. 

A comparison between two-high and three-high blooming 
rolls shows that the latter work with higher stresses. Whil(‘ 
impact is likely to be severe, stickers occur sc^ldom. (lold st<^(»l 
which might stall a reversing engine or motor, would not stall 
a heavy flywheel. 

The deformations are simple and easily understood. 

The growth of the alloy steel busine.ss has caust‘d th<‘ wish 
to roll mild steel and alloy steel in the sam(‘ mill and to us<‘ the 
same rolls for both materials. The attempt, as a nil(\ do(‘S not 
meet with success. The resistance of most alloy sttn^Is against 
compression is so much greater than that of mild st(*(‘l, that tla* 
rolls break. The characteristic propcM’tic's of dilhn-ent allo\’ st(‘(*ls 
vary within wide limits, which mciim that gcnan-al rnh‘s c.uuio’ 
be given. Wherever possible, drafts should lx* nxluctxl to 70 
per cent of those used with mild st(‘('l. If that is imp()s.si!)l<*, 
rolls can be made of forged nickel st(‘el and sprc'ading should 
be restrained but littl(‘ b\' collars, h(‘canse friction b(‘tw(‘<*n })ar 
and side collars requires pow('r and incr(‘a.s(‘s th(‘ s<’parat!ng 
force. Furthermore, the difference lK'tw(‘(‘n (liam(‘t(‘rs of top 
and bottom roll should b(‘ made v(‘r\ small, b(‘caus(‘ that difter- 
ence causes friction, which also incr(‘as(‘S tin* sej)arating forc'c. 
Finally, it pays in some cases to work witli }H‘a\’i{‘r draft in tin* 
first passes and lighttai up in the last passes, Ix^eausc* som(‘ of 
the alloy steels, while almost as soft as mild st(‘el wlx'u hot. be 
come resistant at lower t('Tnp<Tatur<‘s. 
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At this point it is a(l\isal)k‘ to r(‘ali/c‘ that tlie thre(‘-high 
hlooininj’; mill has oortain limitations. For ilu* sake of economy 
ill rolls, \v(‘ cl(‘sir(‘ \'(‘r\ much to mak(‘ top, middle^, and 
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bottom roll practically alike. If that clone, and if the* dis- 
tance from center of top roll to center of middle* roll wc*re ecpial 
to the distance from center of middle roll to center of bottom 
roll, then there would be and could be no reduction or draft in 
the upper passes. To obtain such draft, we must pull the bot- 
tom roll away from the middle roll. The draft in each pass of 
the top row then becomes exactly ec|ual to the cliff eremee be*- 
tween the center distances. And since the* draft in the* upper 
passes is constant, while the area of the bar bc‘C()m(*s progr(\s- 
sively smaller, the reduction in per cent must go up. And tliat 
action is c|uite contrary to the effect which we desire to obtain 
in rolling alloy steels. 

A set of rolls which avoids this difficulty is shown in Fig. 
157. As may be expected, top, middle, and bottom rolls are noi 
alike. 


Tivo-High Tandem Blooming Mills 

It has already been mentioned tliat the two-high (screw 
down) reversing mill and evc*n more so, the* thrc‘<‘-lu'gh bloom- 
ing mill are hard on st(*<‘l. Fir.sth', the sp(*(‘cl of d(‘formation is 
high, and secondly, box passc*s arc* us(*cl, which do not jirotc'ct 
the sides sufficienth'. The two-high mill works witli box pass(‘s. 
because it is a general purno.a* mill and must, th(‘r(*forc*, c‘arr\ 
ingot and bloom on flat roll(*rs. The* thr('(*-high mill works with 
flat box passes not as a n(‘cc‘ssity, but for (*ase of shifting from 
one pass to the otlu*!*. 

It has been atl(‘niplc‘d to ovc‘rcoine these drawbac'ks by 
two-high mills with s()-calh‘d monkc'y rolls, which roll more 
slowly than a rcvc'rsing ni’ll. The rolls are arrang(*d in S(*ri(‘S or 
tandem and are sc‘l at such clistanc'C's ajiart that the bloom wli(‘n 
entering one sc‘l of rolls has l(‘ft th<‘ jirececling set of rolls. Faeh 
roll has only one* pass or groox'e; no lat(‘ral shifting oecairs. I’he 
size* and shap(‘ of the bloom an* constant. \\'(‘ can. ther(‘{or<‘, 
use c‘ithc'r box passes or oxal and cliainond passes, d'ln* latter 
two passc‘s are fre(|nentl\ us(‘cl in continuous mills: their ap 
plication to blooming mills is of c omparati\ (‘1\ recent origin. 
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Fig. 160 illiLStrates a .set of nine passes in which 22-incli 
square tapered ingots are reduced to 7V2-inch by 7^^2-inch blooms. 
Edging is performed after each pass. The illustration, which 
includes only one-fourth of each cross section, shows the ingot 
and even-numbered passes in broken outline, and the odd- 
numbered passes in solid outline. Data pertaining to these 
passes are given in Table XIII. These pa.sses are used in a semi- 
continuous or tandem mill which, like the preceding example, 
rolls very slowly. The torque and horsepower requirements are 
low, as sliown by the table. 



The shape ol tin* pa.ss(‘s is discuss(‘(l und(‘r th(‘ li(‘ading of 
billet mills, on a latc'r i)ag(‘. 

lioll Pusses for liilirts 

Billets ar(‘ S(Mnifinish(‘(l bars, nsualh' s(|iian*, ranging in 
siy.o from about P 2 \ P 2 iiuFes to about 5 \ 5 inelxvs. \(‘('nra<’\ 
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Roll Pass Design 


and sharpness of corners are no object, but straightness of th(‘ 
delivered and cooled bar is of importance; likewise, absence of 
seams and cracks is helpful 

Billets are rolled on three-high mills which are similar to 
three-high blooming mills. They are also rolled in the roughing 
rolls of bar mills and also on continuous mills; usually on the lat- 
ter, because billets are an article of mass production, and also 
because compression from all four sides can be obtained in th(‘ 
continuous mill (as well as in preparatory roughing rolls) by 
rolling the bar on the diagonal. It is true that the bar can be 
rolled on the diagonal in a three-high mill. However, tliat 
method of rolling causes difficulties with the approach and ck‘- 
livery tables, for this reason: In order to transport and guid' 
the bar properly while it is being rolled on the diagonal, th(‘ 
table rollers should be provided with triangular groox'es. Thes(' 
grooves would fit only one set of main rolls and it would lv‘ 
necessary to change table rollers every time the main rolls w(‘r(‘ 
changed. If, on the other hand, billets are rolled flat in bov 
passes, the table rollers can be cylindrical (or “flat”) no matter 
what size of billet is being rolled. In the roughing rolls of thr(H‘- 
high merchant mills the billets likewise receive c()mpr(\ssi()n from 
all sides; but in this case the billet passes are harul pass(*s and 
are solely preparatory to other passes. 

In three-high mills, billets are, as a rule, roll<‘(l in alternate 
passes as indicated in Fig. 140 on page 180, Part I. Onh' in 
the first set of passes ( or very seldom in two sets of pass(*s ) is 
one pass rolled over the' other, and that only if w(‘ start with a 
large bloom. The rtnison for the dilfcTence' Ix'tweeMi l)looining 
mill practice and billet mill practice is tin* following: l'h<‘ col- 
lars betwe^en passes an' thicke'r in the blooming mill than in the* 
billet mill Side guards and manipulator bars must he' narrowe'r 
than the' collars. The' sinalk'r the' l)ilk‘t, tl)(‘ Hiinsie'i* the' sick* 
guards. They are, for ine)St bilk't passe'S, too flimsy to be* safe*. 
Furthermore, we can almost always place' e‘ne)ugh passe*s e)n the: 
roll without having to roll one pass ove'r the* othe'r. 

Fig. 161 is a typical tluve-high bilk't roll, whicb ope'rate's 
at a fairly constant spe'e*d of 62 re'volutions pe'r niinnte*. \n 
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RaU Pass Design 


analysis of the roll passes is contained in Table XI\ . The meth- 
od of analysis is identical with that used for blooming mill rolls, 
except that more than one bar is rolled at a time. The practice 
in operating this mill is to roll three bars at a time as fre(|uentl\- 
as possible, in the following order; passes 1-3-5, 2-4-6, 3-5-7, 
4-6, 1-5-7, 2-6, 1-3-7, 2-4, 1-3-5, etc. The maximum recjuirements 
of horsepower and roll strength will of course occur during the 
passes in which three bars are rolled simultaneously. For tins 
reason, the latter part of Table XIV contains strength and power 
requirements during those i^isses. With three bars between th(‘ 
rolls, the power requirement exceeds the capacity of the engine* 
or motor, and the energy of the flywheel is deqocmded upon to 
roll the shortest bar through the mill. 

A study of the roll (still referring to Fig. 161) reveals three 
passes (No. 3, 5, 7) without a belly. They are the passes in 
which edging is done. Billets from any one of these passes can 
be withdrawn from the mill. The drawing fiirtlKu* shows that, 
at the left where wide collars are needed for stn^ngth, tlu* col- 
lars are narrow, while they are wide on the right hand sick* wh(*i\* 
wide collars are not needed for strength. Grooves in table* rolk'rs. 
for shifting and edging fingers, rcciuin* the* wick* collars. 

The rolls of anoth(*r tlirc*c‘-high billet mill arc* illustratc*d in 
Fig. 162. This mill operat(*s at a .sp(*(‘cl of 80 revolnlions per 
minute. In this case each groove has a belh. with the* (*xc(*p-^ 
tion of those used for pas.sc*s 1, 2 and 7. This s(*t ol pas.s(‘s is 
a working example (4* tlie fact that bilk‘ts which are rolk*d in 
two consecutive passc‘s without b(‘lli(‘S ne(‘d not n(*c(‘s.sariK 
form fins in the succ(‘(‘ding (‘dging pa.sses. It is pro})able that 
the strc*.ss(‘s caus(‘d by imjxict in the* first tvvo ])asses of th(‘se 
rolls are great(‘r, due to the* abs('nce of tin* belK, than in the 
rolls shown in Fig. 161. The* fact that thesse* passes are located at 
the ends of tlu* rolls, liowevc*!’. d(*monstrates good (l(‘sigi) from 
the standpoint of roll .str(*ngth. 

Dc*taik‘d data r(‘garcling llu'se passt's arc* gi\(‘n in Table 
XV. As is indicat(‘d in tin* tai)k‘, the i)rac’tic{‘ in op(*rating this 
mill is to roll two bars simultan(*ously as fre(jn(‘iitK as possible, 
in the following orck*r; passtvs 1-.5, 2-6. 3-7. 4. 1-5. etc. Th<‘ c.sti- 



Rolling of Square Sectioihs 


29 





30 


Roll Pass Design 


X 

w 

PQ 

< 

H 


Average Stress at Different Sec- 
tions ot Roll — 1000 Ib./sq. in. 

Max. Stress in 
Roll Body 

ssa.ug [ttiuay 

CM CM VO ro VO 

C?\ Q 

ssa.ijg IBOPI ^ 

CM t-h CO -y; to 

O -r-I vd od On 

jtaquinx QAOoar) lo 

CO CO to CO CO 

Ri’t Hd. 
Roll N‘k 

ssa.ijg iBnjoy ^ 

0 \ ON oq oo to 

Cs.’ .-H cd On CM 

asa.ijg iBapi ^ 

r-H t-H CO to VO 
vd ON csd JT^ ON 

Left Hd. 
Roll N'k 

ssa.i;s iBnjoy 

CM VO ■rr ' On 

o oc5 o v6 

ssaa^g leapi ^ 

cq cx) o r^. 

On CX 1>C CXD to 

aaAvodasaojj o 
pa;Buiijsy[ 

o o o o o 

NO On CO O VO 

CM O CM vOtN. 

oo bs. cn. 

sassB^i snoau«;[tiiui <3 ^ 

tq vxp tx. tN. 

CO 'M' to CO to 

CM CO 

‘cu’d'JL S9 (uoi:^ouji 

iiOH Suipnioui) ^ 
jcaAvodosJojj pa;Buii!jS3 

ooopooo 

^ ^ CQ ^ 

CM O r>H cq cq NO ts. 
CM CO CM Cn| CM CM CM 

•qi--ui OOOT (9T 'lOQ ^ 
X SI lOO) uonou^i 3ioa|q ^ 
HO-ji Suipnpm ;^o« ‘aubaox 

CM CM to CO -O CM VO 
-M- CO CM O O CM 
'O On OO tN. OO 00 

•wj (S'O X 6 *100) VD 
(paieniTi^sa[) may aaAaq; 

o to CM to o 

OO o CM OO r-H o CM 

T-I cm' cm’ CM* cm’ cm' 

*qi OOOt (TI *100 X 
f-T *100) 9Dao^ -dag 

CO O VO *—< M* < Mr 
ON CM o 'O 
CO CO CO CO CO 

•m *bs/-qi OOOT ^ 
aDUBjstfa’aH ixoissaadtuoQ ^ 

cm ^ r>. M- On ON CM 
^ £2 ^ 

(•aas/i) CO 
uotsjsaaduio^) jo **-< 

CM r>. CM to CO CM 
p VO On »-< CM to 

cd cd cd M" M" to id 

'.-I '^ocr cvj 

aun^tiuiaciiuojj pa|trtu:r?sa[ 

ooo Oppo 

to CO On P CM 

OpO O CS ON ON 
CM CM CM CM *-H 1 r- 1 

*ui -ba (laptAN. 
aSBJaAV X 6 *loo) ^ 
tja.iv pa:^oaroad; 

CO to On oq CM p 
vd o c< cd <— J od 
cvj CO CM CM CM CM ' 

saa.iSa[> jfo aiSuy ^ 

p r-H \0 tq p p p 
con ^ vd c?N c>N 

*ui ‘mSuaq 
pa:^oafoj(i 

pOM’OtoON-M- 

p 1-H -o; rv p ON p 
rd TJ-' -rr cd tT cd XT 

pia.) jacf ‘uoi:^anpa^ co 

fd d- p vq j tN.. 

1 — 3 r< vd vd cnC cd cm' 

' 1— • 1 r-t CM CM 

'ui bs 'ijTi-ni r>. 

rv) -M-. -M; p p CM fq 
ON vd NO id -rr 

Dimensions of 
Leaving Sec. 

‘111 *bs ‘tiajy VO 

po-pppptqp 

T^' -rf’ \d 1 — J id cd vd 

vO lO T CO CO C'l CM ' 

•uj ‘qjda<i ttavJeAy uz 

Ooopoc— «o*— 'OC 
pppoqpppp 
od rvl vd td -d id cd cd 

•u; ‘qjpi.W aaeaaAy -rt- 

»0 CO O O O Oi ''!■ CO 

'"^1 p 'T "q ’q 
iM fv.l vd vd id id ■d 

'UI ‘OAOOJO 

q:^pi,\V 

OO o. o o O -O' CO 
ro iq p p lO O- »— 1 

rd vd no i d id 

dAOOJ{> JO aaijiunjfil cm 

0— 1 oi CO *1* 'o VO r>. 

naVfj JO .laqmnjq 

CO — ^ C' 1 ro -r >0 'O t 'N. 


This table refers to Fig. 161, page 27. 



XV 


Rolling of Square Scctunus 


81 


yA 

< 


« . 
«U CJ 


OS 


^ QS 
03 ^ 


ipq 
«} ^ 

ee 


Xi 

W 525 


ss9a^^s iBn^oy 


aaqiunj^ aAOOJc^ ^ 




ss9a;^g papi 


CD O 


ssajc;g iBn;oy 


T-H 00 0.04 
On t< odi^n 


VO xr *jq CO 

r>l o K 


T-^ OJ eo^ 


ON VO vn !>; 

voio c< CNl 


vq cq On 
T j" T 3 |- vri cm' 


^x^s. CM OO 

r-H CO) K 


ssajc-js iBapi ^ 


CM M- !>; OO 

CTNCO VO CO 


(p^^^«ml!^Srg;) ^ 

.laAvodasAOH [Bjoj;, cm 


OO o o 

r-H VO OO VO 
r-H 00 OO VO 
OO VO VO CM 


sassBj snoauB^iTiuiig On 


VO NO IN. 

I T I ^ 

^ CM CO 


(•ufdM 08 ‘P^^dS) “04 
■ou^ ilOOjNl UOH Sutptipa'i 32 

j9Avod9SJOH; pa;j.Bra4sa[ 


OO o oooo 

-<;*• VO NO VO O CM 
C 5 N CO VO VO T-I to CM 
^ CO CO CM CO CM CM 


*qi-*ui 0001 (91 *100 

X 21 -'lOO) 3(09J^ 

lioy; Suiptipui i^ou ‘atibjcoj, 


•uj (S’O X 6 *100) VO 

(pa^Buiiisa;) luay jaAaq 


> NO orxoo 
CM r-i CM »-I cm' t-h t -4 


•qi OOOt (TX *100 X tx VO 

•po) 90.10^ a ittiBday ppj, 


■«;f ^s. VO NO CM O CM 


•Ui -bsy-qi OOOX M- 
aouBisisaa uoissa^diuOQ -r-i 


ON Cvj On to cq VO O 

CO NO 


(spuoaas/x) co 

uotssaadiuo^ jo a^B'y 




"M- VO to VO VO NO 


•a *Sap CM 
3atv;BJL3dTJU3x ^ 


500000 

- CO r-l QnJCxVO 
> O O ON CON On 
J CM CM r-l rl 


-aaAV X 6 *100) ’“I *^>8 ^ 

‘BajLV papaCoa:^; 


r-H Vq Cq OO 1 — I 
'^NQTrCO(ONt<'M* 
CO CM CM CM r-i r-l ^ 


saajtSap o 

pB)uo^) JO ai3ay 


VO CO On 00 OO CM r 


•ui ‘qj3uaq 

PBJUOQ p0paCOJ<i 




M" CO ^ CO Tt- CO CO 


}uao aad ‘uotjonpa-H: oo 


O 00 cq On r-l On On 
Q t< OC) K K r-j CM 
CM -H -H ^ ^ CM r-* 


■UI -bs 


VO On VO O fN. o CO 
CM cxj K NO M- VO CM 


6 g 


•ui 'bs ‘Baa-y no 


TrONOvOvO(X)OOvo 


•ut ‘qida(i aSBaaAy to 


Qv VQ VO Tf CO CO 


ONCOcoOQOOO 

‘ujpi M aSBJaAy tj- o i — i o o cq o o 

' Nor>.i>sNONovovoTf 


•UI ‘aAOoao 
JO qjpJA^. 9SBaaAV 


1 o o 

r< rv >o vQ VO VO M* 


3A0040 JO uaqxunfsi; c^< 


I CM CO M- VO NO 


ss«j JO JtaquinjNi; 


I CO o- VO NO 


This table refers to Fig. 162, page 29. 


32 


Roll Pass Design 


sufficiently strong for the rolling of three bars simultaneously, 
but the capacity of the driving unit is not sufficiently great for 
such operation. 

Fig. 163 illustrates a set of rolls which may be termed bloom- 
ing mill rolls, or, with equal right, billet mill rolls. The mill re- 
ceives small ingots, which are bloomed down to a billet size. 
Passes are arranged one on top of the other, in spite of the nar- 
row width of collars, because the manipulator is suitable for 
this small width of collars. The roll diameter is so small that 
it would have been impossible to arrange all the passes on the 
rolls if the regular three-high zig-zag method of rolling had 
been adopted. This fact is shown by the stresses in Tabh* XVI. 
A roll of the same diameter, but of twice the length would not 
be strong enough. As matters are now there is some roll length 
to spare, (that is, '‘not utilized*'). 

Rolling with one pass on top of the other nee(‘ssitates dif- 
ferences in the working roll diameter in the same pass if tli(‘ 
drafts are to be selected at will by the roll designer. TJiis 
feature was explained on page 20 and is noticeabh^ in Fiu. 163 
particularly in passes 1 and 2. The bottom roll is ap])recial)K- 
smaller than the middle roll, and tln^ middle roll is \'ery much 
smaller than the top roll; with tlie result that tlu‘ bloom is curvc^d 
downward as it leaves each of thc'se passers. An attempt to 
correct this condition by making the bottom roll larger in pass 
1 will require that the middle roll be mad(‘ an (‘(jual amount 
smaller, if the same depth of pass is retaiiu'd; which would rnak'‘ 
the difference in diameter still greater bc^tweem ilio middle* and 
top rolls, if the same depth of pass 2 is r(*taiii<‘d. This r(‘asom 
ing makes the fact clear that the only solution of such a problem 
is a rathe*r unsatisfactory compromise*. Un(*e|ual lH‘ating and 
placing the cold side of the ingot e)n te)p will ce)unteract this te'iiib 
eney to curl down and bump the* roll(*rs e)f the* (le‘li\(‘ry table*. 

Gothic Passes 

Not many new three-high box-pass bille‘t mills are* l)e*ing in- 
stall(*d, except for alloy steels, because continuous mills are* b(‘t- 
ter suited for mass pre)ductie>n, and b(*caeise bille^t re)lls tor small 
l)re)(Inction and small r(*ductie)ns are* usuallv of the* diamond or 
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This table refers to Fig. 163, page 33. 
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gothic type. These latter two types are frequently used on 
hand operated roughing mills, particularly for rolling rounds. 
These shapes do not lend themselves to being carried on roller 
tables, and are quite suitable for small reductions. It must be re- 
membered that, for small orders of special sections, hand mills 
are still very economical, and that in the rolling of these special 
sections, it is very convenient to start from a usually odd-sized 
square which can be very conveniently obtained on an old 
fashioned roughing mill. In Fig. 141, Vol. I, such a roll was 
shown; it contains gothic passes from end to end. The gothic 
pass is a diamond or lozenge pass with round sides. In its design 
the following features enter; see Fig. 164. 



(1) The ratio of sides w/'h (measured to the intersection of 
the axes ) . 

(2) The radius of curvature in comparison to the sides of 
the pass. 

R 


(3) The rounding or chamfer, top and bottom at (2) and 

(5) 

(4) The fillets at (1), (3), (4) and (6). 

In a general way, the ratio w/li determines th(‘ percentage 
r(‘duetion, because the bar is turned 90 dc‘grees aft('r each pass 
and b(‘cause the width of one pass becom(\s the lu'ight of the 
next pass, while the h(‘ight of one pass e(‘rtainly must not exceed 
tlu‘ width of th(‘ n(\xt pass. 

If a s(‘ri(‘s of gothic passc's consists of g(‘oinetrieally similar 
pass(‘s, and if th(‘ width of (xich pass beeoni(\s th(‘ ladgbt of the 
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succeeding pass (considering the gothic without chamfers or 
fillets) then the area ratio of two succeeding passes is (w/h)''. 
For, if tOj and are the dimensions of one pass, and w., — h, 
and are those of the succeeding pass, the areas are A, ktoj}, 
and A. = khj^o where k is that constant fraction which the area 
of the gothic has compared to the circumscribed rectangle. 
Hence 



because the ratio of width to height was to be constant through- 
out the series. A^/A^ equals the elongation. The reduction in 
per cent is, of course, equal to 

The ratio of width to height is however not kept constant through- 
out the series; for the gothics are almost square in the larger 



sizes and are flatter or more oval in th(‘ smaller si/.r^s, for n‘asons 
which will soon appear. 

The length of the radius R is important. If R is infinit<‘K 
great, the gothic hecomc^s a diamond pass, and it R is (piit(‘ small, 
the gothic becomes an oval. Usually tin* radius R Wos hetw(‘(‘n 
(the width) w and Lore. 

Gothics were fonnca'K' <|nit(‘ popular, d’odax llie\ ar<‘ still 
used, but mainly as roughing or pn‘paratnr\ pass(‘s for hand 
rounds. In other words the bar, F'ig. 165 which r<‘sults from 
being passed twice in succ(*.ssion with 90 d('gre<*s turn hetucen 
passes throtigh tlu‘ sam<‘ pass is \(‘ry seldom a g<‘n(‘ral pjir 
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pose billet, but is more often a special billet for hand rounds. 
The gothic pass has its limitations even for that purpose, and 
has been given up almost altogether for alloy steels, because it 
rolls the scale back into the bar instead of shedding it. This 
feature it has in common with all other '‘total enclosure'' passes, 
which change the .shape of the bar but little. 

If the gothic is a preparation for a round, R is taken as small 
as feasible, because a small radius produces a rounder billet 
and therefore a better preparation for the round finishing passes. 

The following practical limitations must, however, be con- 
sidered. The more nearly equal w and h, and the smaller R 
in proportion to w, the more the gothic approaches a circle, and 
the harder it is to hold it from falling over. In the early passes 
h/to can be smaller, say 8/9 or even 9/10 because even that small 
ratio produces a sufficiently large projected contact area and 
allows safe holding.' In the later passes h/w becomes smaller, 
say 6/7, for the purpose of producing a sufficiently large contact 
area, and also to furnish safety against toppling over. Table XVTT 
contains an analysis of the roll which was shown in Fig. 141 of 
Vol. 1. It is readily seen that the reductions are not too heavy. If 
they were, the great length of roll would cause very high stresses. 

In spite of the comparatively light reductions with which 
gothic passes work, they are frequently ragged for better biting. 
Gothic passes are used in hand mills. In entering the bar, the 
roller and the rolls must jointly overcome the friction of the 
billet on the receiving guide. Since the upper roll of the pas. 
is usually larger than the bottom roll, the bar is pressed against 
th(* guide, and the friction is noticeable. 

Th(‘ racliu.s of the fillets in the corners can be varied within 
(.on.sid(n’abl(‘ limits. Tlie value r i):2h is commonly used. In- 
stead of using a radius at the bottom of the groove, some roll 
([(‘signers prefer a straight line chamfer. This boundary was 
ns(‘d in th(‘ roll of Fig. 141, Vol. I. By bringing th(^ straight line 
charnh'r farthca* down into the pass w(‘ r(‘duce tli(.‘ danger of a 
fin, but W(‘ also inak(‘ it sojiK'what harck'r to hold th(‘ bar in the 
pass. It is (|iiit(‘ (‘vi(l(‘nt that tb(‘ j)()ssil)ility of fin formation is 
inueh n‘(ln((‘(l if tl)(' el)amt('r (1) (4) inst(‘a(l of ( 3) (3) is ns( d 
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in Fig. 166. The careful roll designer will make the chamfer 
slightly too great at the first trial and turn it down smaller if 
room is left for more spreading. 

A section by section analysis of a gothic pass into the next 
gothic is shown, Fig. 167. The method of this analysis is the 



same as that which was described in Vol. I, pages 103 to 107. 
It will he remembered from that discussion that the sections 
which are illustrated at the right of Fig. 167 are parts of one and 
the same pass. The illustration shows that the concave shape of 



th(‘ i)ass r(‘stricts spreading, and that the width of the pass is 
only sliglitly gr(‘at(‘r than the initial width of tlie bar. The small 
allowance^ for spixniding allows tlu‘ pass to 1)(‘ completely filled. 
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as shown in section E-E^ which means that care must be exer- 
cised to keep each bar at as nearly uniform temperature through - 
out as possible. 

As a rule, gothic passes are rolled zig-zag fashion; top and 
bottom passes are then identical. Occasionally they are arranged 
to roll one pass on top of the other as indicated diagrannnatically 
in Fig. 168. 

In that case the final equal sided pass cannot be obtained 
as simply as if the top and bottom passes are alike. If for in- 
stance, pass five is to be the last pass, then the bar would, in 
the mill with equal top and bottom passes, be turned 90 degrees 



and go back in th(‘ e(|ual top groove. In th(‘ cast* of Fig. 168 
it must go back through iht* larger part 4 and th(‘u go ( aft(‘r 90 
degrees turn) through j:)ass 5 again. Tin* arrangenu*nt of Fig, 
168 is seldom us(‘d. 


Diamoful Poss(\s 

Diamond pass(‘s art* us<‘(l as pr(‘parator\' pass<‘s for stjuarc 
merchant bars, and also in conlinuous bill(*t mills. 

The methods of rolling stpian* ni(‘reliant bar an* d(‘sc'rib(al 
on a lattT page, which narrows this .S(‘ction down to tin* ust* of 
diamonds in continuous billet mills. 

As a rule*, a stpiart* bloom (‘nt(‘r.s tin* c'ontimn)us bill<‘t mill 
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while lying flat on the approach table. The first pass is, there- 
fore, frequently a box pass or similar pass. If the entering 
bloom is square, a box pass makes it rectangular, and since a 
square billet is needed for entering a diamond pass, another 
box pass or equivalent is needed. Hence we find some continu- 
ous billet mills in which two box passes or equivalent precede 
the diamond passes. However, a square billet lying flat will 
enter a diamond very well. In that case, the continuous mill 
can consist in its whole length of squares and diamonds. 

At this point, a bit of simple reasoning on squares and 



diamonds will be appropriate. If the square (1) (3) (5) (7) 
could be enter(‘d into the square pass (2) (4) (6) (8) of Fig. 
169, then a wid(^ section would enter into a narrow pass, and 
wide fins would be fornu^d, which could be made slightly 
smalk'r, but by no nu'ans avoided by fillets at the edges of the 
pass. The* pass must, tlu'refore, be given at least the width of 
th(* ent(*ring s(*ction, which means that it must assume the shape 
of the dott(*d line ( 1 ) (4) (5) (8), if there is no spreading what- 
s()(‘V(‘r. Ihit, sinc(‘ thert* will be spreading, the pass must be made 
slightly wi(U‘r. It will be se(*n that the prcwiously made state- 
iiK'ut is corn'ct, nanu'ly that th(* reduction depends upon the 
ratio of tlu* diagonals [(3) (7)] - [(4) (8)] and that the angle 

2i in Fig. 169 is a function of this ratio. 
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If, instead of a square being entered into a diamond, one 
diamond be entered into another one, as in Fig. 170, the per- 
centage of reduction still depends upon the ratio li/h of the suc- 
cessive diagonals, or upon the angle 2i which is a function of 
that ratio. 

The question then arises: What limits the ratio H h (of 
Fig. 170) and the corresponding value of the angle 2i, or in 
other words, what is the maximum possible reduction? In 
principle that question was answered on page 78, Vol. L 

At this point it must be remarked that the reduction is 
limited by the failure to bite at entrance of the bar in the first 
few passes. As a rule, the roll diameter is constant for all passes 



of the mill; if th(‘ (‘iitrancc* angl(‘ is th(‘ limiting feature*, r(‘dnc- 
tions can become* h(*avi(*r as the bar b(*conK‘s small(‘r. Some 
roll designers make ust* of this fact while (>tfH‘rs carr\’ that re- 
duction which is .imposed by angle limitations in tlu* first passt*s 
right through the mill without gn*at cliang(‘. For (‘nt<*ring, tin* 
statement made on page* 59 of X'ol. 1 holds Ix’cause contact Ix*- 
gins at the ap(*x of tlx* pass, and is <‘<jui\alent to c'ontact lx* 
tween cylindrical rolls. Tlx* first pa.ss is usualK ragged. 

Entering is made easi(*r if tlx* first two pass<‘s aia* box 
passes, or if a sejuare bilk‘t (‘iiUts a diamond. In tlx* first ease*, 
the billet leaving the box pass is sIx)V(*(l into tlx* diamond pass 
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Since there is an economic relation between size of bar anrl 
diameter of roll, the following relation has gradually been ar- 
rived at: The ratio of sides of two successive squares (with a 
diamond pass in between) lies between 1.27 and 1.33; since 
the areas go as the square of the sides, and the mean elonga- 
tion in each of two successive passes is the square root of the 
product of the two successive elongations, it follows that the 
mean elongation per pass lies likewise between 27 and 33 per 
cent. No uniformity exists in the distribution of this elongation 
over the pair of passes. In some instances the elongation is 
greater for the square into the diamond, while in other cases it 
is greater from the diamond into the square. Figs. 171 and 172 
show conclusively that both methods are used successfully. 

The reduction is ^perceptibly influenced by chamfers and 
fillets. Their effect is given in Table XVIII under the heading 
of rolling finished squares. 

Several interesting observations can be made from a stud}’ 
of Figs. 171 and 172. Both are diamond-square-diamond series. 
The advantage of such a series is that square billets can be with- 
drawn at several points in the series and can be used for the 
rolling of various finished sections. 

The second observation is that there is spreading when th 
diamond is compressed to a square, while there is little or no 
spreading, when the square is compressed to a diamond. Both 
facts agree with the effects of shape of projected contact are^a and 
with the ratio of projected contact length to thickness of bar. 

The third observation is that the spreading is no: alike it> 
the two sets of passes. Difference* in bar mat(‘rial, rouglin(‘Ss of 
roll and in temp(n*atur(‘ di.stributio!i in th<‘ bar will (‘:isil\ aee(nHit 
for this fact. 

Fig. 173 illustrates a diamoiicl-diainond s<‘ri(*.s which is ns(‘d 
in breaking down a square bill(4 to a section c oiiv<*rjicn{ as a 
starting point for a specific smallcT s(*cti()n. 

This illustration and tabulation tt*ach that information on 
roll pass(‘s must freqiumtly be tak(‘n with suspicion. The data 
w(‘r(* tak(‘n from tin* (‘.xbibition board of a j)romincnt st'-cl coipo 
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Fig. 17i 


ration and very probably do not re£)resent sections from actually 
rolled semi-finished billets. The chances are that they were 
made from the templets (used in turning the roll) and that the 
radii at th(‘ (‘nds of tin' long fhori/ontal) diagOTials were put 
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very common sections, large finished squares are comparatively 
rare. For that reason they are rolled on hand mills. 

Two methods are used. In one method, each pass is a 
roughing pass and also a finishing pass. The angle 2i in Fig. 
174 is only a very small amount larger than 90 degrees, namely 
91-1/3 degrees for small squares, 91 degrees for medium squares, 



and 90-2/3 degrees for large squares. The ratio of areas of two 
successive diamonds is determined by the requirements of safe 
entering without fin formation. 

For squares of 3-inch to 4-inch side, steps of 3/16 inch are 
recommended; for 2-inch to 3-inch squares steps of Vs inch are 
usual, while 5/64-inch steps are used for 1-inch to 2-inch scpiares 
(although the latter size is commonly rolled on guide mills). 

Fig. 175, which was drawn for a 3 Vi-inch scpiare, shows con- 
clusively that these steps must produce a slight overfill which is 
rolled back into the bar in the succeeding pass. Degeneration of 
tile overfill into a fin is prevented by rounding the edges of the 
pass (juite liberally. The radius r of the fillet varies between 
0.35^ and l.Oa where a ecjuals the side of the diamond. In Fig. 
175 tlu‘ radius r ecjuals V^a. 

Hand rolling in grooves of this type lias tlie advantage that 
<‘ach pass can be iis(‘d as a roughing pass, a leader, and also a 
finishing pass. To l)e finished in any one given pass, the bar is 
pass(‘d through it twice (or three times if the arrangement of 
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Fig. 175 

the mill recjuires it) with 9()-clejjjree turns l)(»tw(‘(‘ii |)a.ss(‘s. Tlu* 
finished hot bar is slightly octagon as sliown in an (*xagg(‘rate(l 
manner by Fig. 176. llowevc'r, th(‘ bar, whih* cooling, contracts 
into a perfect scjuare b<‘caus(^ th(‘ corn(‘r.s arc‘ colcltM* and do not 
contract as much as th(‘ r(‘St. In oth<‘r words: Tito distance* ( I ) 
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(3) of Fig. 176 contracts more than the distance (2) (4), in pro- 
portion to their lengths. 

The advantages of this type of hand rolling of squares are 
bought at the expense of several disadvantages. Only short 
billets can be used. The reduction is very small (in Fig. 175 
the reduction is 8.4 per cent; 10 per cent is the maximum). If 
long lengths were used, the large number of passes would cause 
excessive cooling of the bar. Short billets and low rolling speeds 
are furthermore necessitated by the holding of the bar by tongs. 
If one pass is adjusted, it throws all other passes out of adjust- 
ment. 

The advantages and disadvantages assign a definite field to 
this method of rolling squares; it is the field of small orders of 
varied sizes of short lengths of squares between 3 inches and 
5 inches. 

If the individual orders become larger, it pays to provide 
a separate finishing stand. In that case, reductions in the rough- 
ing roll can be greater than in the former case. The angle 2i of 
Fig. 174 may, for the here discussed method of rolling, be made 
as large as 100 degrees, while the finishing stand has grooves 
such as Fig. 174. Fig. 177 .shows a series of passes with 2i = 100 
degrees. The first passes are not exactly diamond shaped, but 
approach a gothic. The. average reduction is 19 per cent. 

If .still greater reductions are desired, guides must be used. 
The following angles 2i are then frequently used: 


Si'/c of s(inar(‘ 

Angle 2f, ch'grees 

B(‘lo\v 'A iiK’li . , . 

112 

’‘^2 inch to 1 inch ... 

108 

I inch to I V 2 inches 

105 


102 



Anodnu* way of expressing the rule is the following: the 
diir(*r(‘nc(‘ between liorizontal and vertical diagonals is made 
(’({ual to ()iie-(|uartc‘r of the side of th(‘ square for small square 
s(‘ctions, and eciual to one-fifth of that sid(‘ for larg(‘r sections. 

4’lu‘ iiicr(*as(‘ of angl(‘ for the small s(‘etions has two cause's, 
(aii(l(‘s ha\(‘ a (‘(‘itain amount of j')lay and w(‘ar. For small s('c- 
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tions, that wear and play is a greater fraction of the total depth, 
which means that the guiding is less certain than it is for a 
larger section. That drawback is counteracted by making the 
small section more oblong or lozenge shape than the larger sec- 
tions. 

The larger angle 2i used with the small sections produces 
greater percentage reduction. This is desirable, because small 
sections cool rapidh', and is permissible because small sections 
are put on comparatively large mills (considering ratio of roll 
diameter to depth of pass). 

Finally, small sections usually spread more, because they 
have a cool crust. 

Sections of more than 2-inch side of square are at present 
not rolled by guides in any (juantities. 

The‘ (dfect of the angle 2i upon reduction will become clear 
from the following tabulation (Table No. XVIII) which refers 
to Fig. 178. 

TABLE XVIII 


- • Width of Pass Gmit(^r than Entering Width— 

VV'iilth of Pass Passes with 


Knterimt Width .--Passes 


Angle 'Zi 

, Hatzooi 

Per 
tent 
K<‘dn< - 

Width 
(>fPa.s.s : 
Entering 

<legre<*s 

1 )iagotni2s 

tion 

Width 

1 

2 

.•i 

4 

91 

0.983 

3.5 

1.00 

92 

0.966 

6.8 

l.Ol 

93 

0.949 

10.0 

1.02 

94 

0.932 

13.0 

1 .03 

95 

0 . 9.16 

16.0 

1.04 

96 

0 . 9<)0 

19.0 

1.05 

98 

0.869 

24.5 

1.08 

100 

0.839 

29.9 

1.11 

102 

0.810 

34.5 

1.14 

104 

0.781 

.‘ 19.0 

1.17 

106 

0.754 

43.2 

1.20 

108 

0.726 

47.1 

1.23 

110 

0.700 

51.0 

1.26 

112 

0.674 

5 - 1.6 

1.29 


I'as 

First and second 
Intermediate 
Lea(l<’r 
Finisliint.*; 


■itli Sharp ('onun's— , ( 

'Hiamfers and Fillets 


P(‘r 

Width 

Per 


cent 

of Pass 

cent 

Hath) of 

Heclne- 

-j- Enter- 

Rediic ■ 

Diagonals 

tion 

ing Width 

tion 

5 

f > 

7 

8 

0.983 

3.5 

1.10 

20.0 

0.966 

5.0 

1.11 

20.9 

0.949 

6.5 

1.12 

22.1 

0.932 

7.8 

1.13 

23.5 

0.916 

9.4 

1.14 

24.8 

0.900 

11.0 

1.16 

259 

0.869 

12.5 

1.19 

26.6 

0.839 

13.8 

1.21 

28.0 

0.810 

15.0 

1.26 

29.3 

0.781 

16.5 

1.28 

30.4 

0.754 

18.3 

1.32 

32.1 

0.726 

20.3 

1.35 

.‘ 33.8 

0.700 

22.7 

1.38 

35.3 

0.674 

24.8 

1.42 

38.0 



Drali, ine 

h(*s 


( for 

mild steel 

, of less 


than 

0.25 per 

cent C.j 


3 / 16 - 3/8 

3 / 16 - 5/16 

5 / 64 - 5/32 

1 / 32 - 3/64 
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Finished .scjuares are rc(|ii:r(*d to ha\(‘ sharp corners. For 
that reason, chamfers and fill(‘ts will not do, in the finisliing stand, 
and must be very small in tlu* leader. 

Small squares are rolled continuously hj oiu* of the (|uick- 
reduction series, which are discussed in a S(*parate cliapter. 



CHAPTER 11 


ROLLING OF FLAT SECTIONS 


Rolk for Slabbing Mills 

Slabs are semifinished material and are converted into 
plates, strip and skelp. They are rolled on mills having both 
horizontal and vertical rolls (the so-called universal slabbing 
mill) or on high-lift blooming mills. 

Universal slabbing mills require no roll design at all, and 
slabbing-blooming mills only a very small amount. The latter 
statement is borne out by a glance at Fig. 179 which represents 
one of the two rolls of a slabbing-blooming mill. It will readily 
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Fig. 179 


be observed tliat there are only three passes, namely the bull- 
head and two edging passes. 

The engineers determine the ratio of roll length to roll 
diameter (in this case e(jual to 2.4) and the width of the slab to 
be rolled. The only question which may arise is this; How 
wide shall the edging pa.sses be? In the answer a great deal 
of latitude can be allowed. As a rule, we can allow three passes 
in the bullhead before edging, then edge, have three more passes 
in the bullhead, edge again, and give three final passes in the 
bullhead. In tins manner, a sufficient reduction can he ob- 
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tainecl, and a 27-inch slab ingot can be? rolled down to about 
6-inch thickness. 

The width of the edging groov(\s is dt^termintHl by tin* drafts 
in the bullhead. As a rule these widths need not lx* determined 
with any gr(‘at accuracy, because* the roller can b(*lp himself 
very easily b\’ varx'ing the drafts in tlu* bulllu*ad. 

RolLs for Rolling Flats 

The first step whicli the roll designer must tak<‘ in the de- 
sign of rolls for rolling Hats is to decide upon an initial s<(uan 
section which will produce a flat of tlu* n‘(}uir(*cl dimensions. 
In order to reach this decision, he must consider tlu* followin ' 
factors; ratio of width to thickness of finisht‘d Hat, ratio of total 
free spreading to total reduction in thickness, and the amoun' 
of edging or side work recpiin^d to prot(*ct the edges of th(‘ 
flat from cracking. 

Referring to Fig. 180, the following n*lations (‘xist: Let 
a and h be the dimensions of the finisht*d flat, and l(*t k r(*pre- 
sent the ratio of total spreading to total draft. Also l(*t r, r' 




r' 
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b 







u_<a“ — , — j 

— rt 
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FiK. 180 


(‘tc., repres<‘nt tlu* drafts in succc^ssive pass(*s. I’lien if th<‘ tota 
draft in inch<*s is r(‘prc‘S(‘nt(*d by R, 

R .sum <)1 all (Iralts. 


Furth(Tm()r(‘, 

a — a — kr 

a" = a' — ~ a — k ( / ' 4- r" ) 
/: i; r = // — k 


1 / f/ ' 

h" : . // -f- r" h f r' \ 

h„ - 1) 4 r h 4 H 



Rolling of Flat Sections 


55 


Then, a,, and will be the side of a square, when 


or when 


a — /; 

1 + k 

and the side of the square will he b -{- R, which equals 

a — h 
h - 

1 + k 

The value of k in this equation is detennined by the various fac- 
tors which ajfFect spreading, as discussed on pages 82 to 100 
of Vol. I, and is known by experienced roll designers to vary 
commonly between 0.30 and 0.35, and to rise as high as 0.5 
under certain conditions.’^ The above reasoning, however, does 
not take into consideration the edging passes which may be 
required, the result of which is partially to counteract the effect 
of the previous spreading. This statement applies equally to 
edging which is done in grooved passes of horizontal rolls, or 
between vertical edging rolls, or to the suppression of spreading 
by side work in tongue and groove passes. Consequently, the 
effect of edging is ecjuivalent to reducing the value of k in the 
above equation. 

Depending upon the' amount of work done in edging 
passes, or of side work done in tongue and groove passes, k 
varies between 0.2 and 0.3. 

The above-given method for finding the initial square is 
a cjiiick approximation. Usually, the roll designer starts from 
the flat and works back, step by step, until he arrives at a com- 
mercial S(iuare or rectangular billet. He can then take care of 
a \ ariation of the spreading factor, and of the effects of edging. 

Flats are rolled: 

1. In eontiiiuous iiiins with cd^^inj^ rolls between niain stands, 

is l)iisi*<l on till" Cou/o thoory. Strictly, it would lx* more torrt'ct to use the 
fortuuia ('iv<‘ii oti paye 87 of \'ol. I, hut for eouvenieuce the simpler theory was us(‘<l 
here. 
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2. Between stepped rolls ( flat and edging ) , 

3. Flat in tongue and grooN'e rolls, 

4. On the diagonal, (similar tc) the rolling of s(piares). 

For large orders or stock production of flats of soft steel 
and medium steel, the continuous mill is satisfactory. It calls 
for no roll changes (except those due to wear) and for no roll 
design, except distribution of draft between the various stands. 
The edges obtained on these flats are, however, not as sharp as 
those obtained in tongue and groove rolling. 



Fig. 181 


Method No. 4 might, at first thought, appear to he the best 
all around method, because the steel is compressed ( receives 
work) on all four sides. It carj, however, be used only on tho.st* 
flats for which the ratio of sides is between 2 and I. A roll show- 
ing finished flats of this description is givcui in Fig. 181. The 



l(‘ader is not rectangular. Both finislu*(l pass and leacha- are 
shown in Fig. 182. If flats of mort' than 2:1 si(h‘ ratio arc* rollc'd 
in this inaniK'r, they curl up like* a cork scrc‘W. l\v<) conflicting 
force* actions occur, se*e Fig. 183. Wheai the* (lelive*n‘<l bar drops 
on the* table*, its w(‘ight cause‘s it to turn eloekwisc about j)oint 
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(4), which fact puts a slight twist into the bar, because it be- 
comes too cold to reflatten itself. On the other hand, points ( 1 ) 
and (3) are delivered with higher velocity on account of the 
difference of roll diameters, than points (2) and (4). Since the 
pressure against the long sides is greater than that against the 
short sides, the result is a counter-clockwise corkscrew motion, 
which twists a weak long flat around ([uite merrily. If the flat 
is more nearly square, as shown in Fig. 182, points (1) and (4) 
— or (2) and (3) — do not lie directly opposite each other, and 
the twisting action is very much smaller; furthermore, the bar is 
stiffer against twisting. Even then it is frequently necessary to 
keep the bar from twisting by using delivery guides with rollers. 



The method of diagonal rolling is commonly used for tool steel, 
which finishes rather cold and is of the right ratio of sides. 

Where no continuous mill is available, the flat and edging 
method (2) or the tongue and groove method (3) is used. In 
the flat and edging method, stepped rolls are used, such as shown 
in Fig. 14, Vol. 1. Th(‘ st(‘p and edge, or flat and edg(‘ method 
is j^articularly useful for flats of intermediate widtii. For very 
wide flats it fails, because wide Hats buckle while being edged, 
For wid(' flats, tongue and groove rolling (with sidc'work caused 
by suppress(‘d spreading) is the only available' method, in the' 
absence' of a continuous mill with ve'rtical ('dging rolls. 

It might appear as if the stepped roll calls for no roll dt'sign. 
Nevertlu'less a certain amount of rc'asoning is re(|nired in con- 
nection with tlu' ku'out of st(‘j')p(‘d rolls. Tlu' drafts, width of 
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flat, roll length, and roll diameter must be so harmonized that 
the stress in the roll is of the correct value. These relations v^ere 
explained in Vol. I, pages 20 to 41. Also, the steps must be 
adapted to the thickness of the entering bar and to the thickness 
of the finished bar. The following relations exist, as shown in 
Fig. 184. 

h, = h. + (D, - DD 
h, = h, + (A. - D,) 

h, h, + (D, - DD ^ D, - D, 

h. 

Since no finishing work is done between the stepped rolls, 
reductions can be fairly heavy, say 35 per cent, which means 


- 4 - 

-4^ 


?• 

h, 


r4- 

f 
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H 

1 

LAJ 

f 



Fig. 184 


elongation of 1.54. The thickness ratio /i, /r. whicli corr(‘- 

sponds to these values of reduction and elongation varies with 
the ratio of draft to width and thickne.ss. Referring again to Fig. 
180, the following relations are found: The elongation in oiu* 
pass is equal to a'h' ah, which ecjuals a' : a /' thickness 
ratio. But 

a' At' At' 

(I a a 

Then since r' D., D,, from Fig. 184, 

a k(D, - /). ) 

a a 

The re^sulting ecjuation, therefore^, is: 

elongation a' h' Ai - /), ) 

// 

ah • — 
h 


tliic‘kn<*ss ratio 


1 



TABLE XIX 

^"allles of Thickness Ratio for Various Values of Spreading Factor, k, and of Ratio Draft /Width 
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By means of this eciuation, the v alue of the thickness ratio can 
be calculated for given values of draft width, elongation, and 
spreading factor. For the sake of conv'enience in making rapid 
approximations, values of the thickness ratio have been calcu- 
lated for various values of these factors, and are given in Table 
XIX. For example, let us suppose that a flat 3 inches by % inch 
is to be rolled from a given pass, and that an elongation of 1.4 
is desired in that pass. Let us assume that the value of k is 
0.20 for the series of passes of which the pass considered is a 
part. If the draft in this pass is taken as approximately % inch, 
the ratio of draft/width is thereby detesrmined as being ap- 
proximately 0.125. By consulting the table, we find that the 
thickness ratio required to produce this result is about 1.43, 
which would make the entering thickness 1.43 X 0.875, or 1.25 
inches. The width of the entering bar would then be 3 — 0.2 X 
0.375 “ 2.925 inches. From the values in this table, it follows 
that for the majority of cases the draft is from 30 per cent to 60 
per cent of the thickness of the bar. Since this is so, the range 
of up and down adjustment of the stepped roll is limited. Whil(‘ 
the drafts (from .step to .step) remain th(‘ sam<‘ for iiny adjust- 
ment, the elongations vary. 

The permissible' draft in any one pass of st(*ppt‘d rolls of 
course varies. A common practice' is illustratc'd by the follow- 
ing figures, which applv' particularly to narrow flats. For wider 
flats it is common to limit the draft to 30 pev cc'iit of tlit' initial 
lieight in the roughing pa.sses, and to tlu' sanu' valm's as Ix'low 
in th(‘ l(‘ad(‘r and finishing passc's. 


For instance', to roll a Hat I'h inclu's x 5 16~incli froiii a s<|uar(* 
\Vz inches x inc'lu'S, th(' following passc's and r(*chictions might 
))(' ns(‘d: 



4'Iiic*kii<*ss, 



Si)rcad- 

Spi(*a( 

Pass 

W Ith, 

Draft, 

ing, 


in. 


in. 

in. 

iacto 

6 — Finishing 

0.3125 

1. 5 

0.0475 

0.01 

0.20 

5 — Fcadcr 

0.360 

'4 

0.165 

0.04 

0.25 

4— 

0.525 

0 

0.300 

0.10 

0.33 

■3— Edging 

0.825 

.60 

0.170 

0.05 

0.33 

2 

0.775 

.77 

0.350 

0.12 

0.34 


1.125 

.65 

0.375 

0.15 

0.40 

O- 

1..5() 

..50 

( Initial 

il s(]nai< 

■ sc( tion 1 
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In stepped rolls the width of each step equals the width of 
the widest flat (to be rolled on the mill) plus 2 inches or even 
more. A separate finishing stand must, of course, be provided. 
In the grooved edging passes of stepped rolls the draft lies be- 
tween 5 and 10 per cent of the entering height. The lower value 
is used for thin flats. The draft must be even smaller if edging is 
done between plain, cylindrical passes. Such edging grooves are 



commonly made as shown in Fig. 185. The purpose of the belly 
is to produce a sharp cornered flat in the finishing stand. If sharp 
corners are not desired, the belly can be omitted. The flats must 
fit STUigly in the groove, for proper guiding and support. 

It should be mentioned at this point that it is desirable, when- 
ever possible, to edge flat sections immediately before the finish- 
ing pass; and that edging of fiat sections is very rarely done be- 
tween plain cylindrical rolls. The practice of rolling fiats in 
tongue and groove passes is avoided by many roll designers for 
the following reasons: In tongue and groove passes, no oppor- 
tunity is given for scak‘ to drop off from the bar, with the result 
that it is very difficult, particularly in the rolling of alloy .steel, 
to obtain a ch'aii product witli this method of rolling. The tongue 
and groovt‘ method also recpiires a s(‘paratt.‘ sc‘l of rolls for eacli 
different width and thickn(‘ss of fiat which is to be rolled, and the 
numerous small orders of various size's which are required by 
modern practice' mak(' tlu' uK'thod impractical in many cases. The 
only field in which tlu' tongue and groove' method is extensively 
used at pre'Sent is th(' rolling of slu'C't and tin bar. Eve'ii for that 
material it has largc'ly })(‘(‘n re'place'd by contiimoiis mills with 
sc'parate* c'dging rolls. 
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Flats departing but little from a square (such as are rolled 
for tool steel) are occasionally rolled between cylindrical rolls 
from a leader which is a fluted square, as shown in Fig. 186, and 
which enters the rolls flat ( not on the diagonal ) . The depression 
of the sides of the square is about 1/32 inch. If b and c are to be 
the sides of the flat, the side of the square from which the flat 
can be rolled is approximately {h -|- c). 



Where close adherence to dimensions is required, and wher(‘ 
uniformly sharp edges are demanded ( as for instance in prepara- 
tion for cold drawing) tongue and groove rolling is practicc^d, at 
least in the finishing stand. 

As previously stated, tongue and groove rolling is also us(‘(l 
for thin, wide flats, such as sheet bars and hoops. 

Sheet Bars 

Among the semifinished flats are sh(‘(*t bars and tin plate* 
bars. They are usually 8 inches vvid(‘ and rang(‘ in tln'ckn(\ss 
from V4-inch to %-inch, depending upon tlu* gag(‘ of sh(‘<*t which 
is to be made from them. Fig. 187 shows th(* din^tion of rolling 
for the bar. It also shows that, after tin* bar has b(‘(‘n slK‘ar(‘d. 
the sheet is rolled at right angles to the original direction of roll- 
ing. 


In recent years, the rolling of strip sh(‘(*ts has r(‘dueed th<* 
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demand for sheet bar; however, sheet bar passes are so instructive 
that they will be discussed here. 

A set of roll passes for rolling 8-inch sheet bar is shown in 
Fig. 188. These rolls are placed in two stands, as indicated. In 
this set of passes, it will be noticed that the edging pass immedi- 
ately follows the first pass. The purpose of this early edging pass 



Fig. 187 


is not only to protect the edges of the bar, but primarily to crack 
off the scale, thereby allowing a cleaner sheet bar to be produced. 
The values in Table XX show the dimensions of the bar in each 
pass, for the rolling of light weight sheet bars. 

It will be noted that in the flat passes the allowed spread- 


TABLE XX 

(Referring to Fig. 188) 


Pass 

No. 

Thick- 

ness, 

in. 

Width, 

in. 

Area, 
sq. in. 

Reduction in 

Area, 

sq. in. per cent 

Draft, 

in. 

Actual 

Spread- 

ing, 

in. 

Natural 
Spread- 
ing, if 
Unre- 
strained, 
in. 


2.375 

8.75 

20.00 






2 

7.75 

2.50 

17.80 

2.20 

11.0 

1.00 

0,125 

0.113 

3 

1.506 

7.88 

11.25 

6.55 

36.8 

0.994 

0.130 

0.464 

4 

1.03 

8.00 

7.86 

3.39 

30.1 

0.476 

0.120 

0.261 

5 

0.719 

8.10 

5.60 

2.26 

30.0 

0.311 

0.100 

0.202 

6 

0.500 

8.18 

4.09 

1.51 

27.0 

0.219 

0.077 

O.OTO 
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Imk. 18S 

ing IS less tluiu the natunil spr<‘a(ling, indicating that si(l<‘-\v()rk 
is ohtaitK^d by the snppr(‘ssi()n of spreading in pass(‘s d, 4 and 5. 

As previously nHuitionech dill icMilti(‘S aris(‘ if material is 
(.‘ontinnalK e()mpr<‘ss<‘d in the same* (Iir(‘etion without (‘dging 
or turning. Fiia^ hair cracks ai)p{‘ar at tin* (‘dg(‘S as in(licat(*(l 
in Fig. hST. In tli(‘ finislu'd sh<‘ets this feature' is (“spe'cialK 
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objectionable because the cracks become quite deep (that is 
to say: long in the direction of the sheet, which is rolled at 
right angles to the direction of rolling of the bar) and produce 
much waste material. It has also been previously stated that 
these cracks are avoided if the lateral spreading is limited to 
a value considerably smaller than that which would corre- 
spond to the natural spreading in the open pass. This limita- 
tion of spreading is accomplished by side work in closed 
passes, as illustrated in Fig. 188 and Table XX. The problem 
of how much lateral spreading to allow and how much to 
chamfer around the corners was discussed on pages 1S9 to 
141 of Vol. I. 

Fig. 189 illustrates a set of roll passes in which a 6-inch 
by 6-inch billet is reduced to 10-inch tin plate bars. This 
illustration shows clearly how sidework can be obtained in 
the late roughing passes by designing the earlier roughing 
passes so as to make the section thicker at the edges than in 
the center. The use of chamfers and fillets to prevent fin 
formation is also shown in these passes. The values of actual 
spreading in these passes and of natural spreading if unre- 
strained, together with the dimensions of the bar, are given 
in Table XXL It will be noted that there is no edging pass, 
and that all protection of the edges is accomplished by the 
suppression of spreading. It should be observed, in order to 
avoid being misled by the values of the spreading which are 
given in Table XXI, that spreading is not suppressed in all 
passes; in fact spreading is encouraged in certain passes in 
order to produce tlie 10-inch tin bar from a billet which is 
only 6 inches wide. For instance, in pass 5, the allowed 
spreading is 0.75, which means that, if the pass fills, the actual 
spreading is twict‘ the average draft. The rc‘ason for this is 
that the center of the bar receives very little compression in 
pass 5, the greatest reduction in that pass occurring at the 
sides of the bar. This is substantially a pr(‘V(mtion of elonga- 
tion whicli, as was discussc'd in Vol. 1, produce's much spread- 
ing. It beconu's apparent from a study of the valvc's of the' 
spreading in Table' XXI that spre'ading is supprc'sse'd — that is. 
prote'ctiem of the' e'dge'S is pre)vide'd — only in Pass No. 4, of 
this se't of passe's. It is (iue‘stie)nahlc' whc'the'r tin's provides a 
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sufficient amount of sidework to protect the edges of the bar 
against cracking. If not, the only alternative is to redesign 
the passes, using a larger square or a wider rectangle as a 
stalling section. 


TABLE XXI 

(Referring to Fig. 189) 


Pass 

No. 

Average 

Thick- 

ness, 

in. 

Width, 

in. 

Area, 

.sq. in. 

Reduction in 

Area, — — 

sq. in. per cent 

Aver- 

age 

Draft, 

in. 

spread- 

ing, 

in. 

Natural 
Spread- 
ing, if 
Unre- 
strained, 
in.f 

0 

6.00 

6.00 

35.3 






1 

4.61 

6.88 

31.7 

3.6 

10.2 

1.39 

0.88 

0.31 

2 

3.78 

7.12 

26.9 

4.8 

15.1 

0.83 

0.32 

0.19 

3 

2.43 

8.40 

20.4 

6.5 

24.2 

2.35 

1.28 

0.48 

4 

1.40 

8.75 

12.2 

8.2 

40.1 

1.03 

0.35 

0.48 

5« 

1.06 

9.50 

10.1 

2.1 

17.2 

0.34 

0.75 

0.17 

6 

0.656 

9.80 

6.29 

3.81 

37.7 

0.40 

0.30 

0.15 

7 

0.531 

9.90 

5.20 

1.09 

17.4 

0.125 

0.10 

0.08 

8 

0.500 

10.0 

4.97 

0.23 

4.4 

0.031 

0.10 

0.013 


* Width of ja:roove No. 5 = 9.88 inches, 
f Calculated for rectangular bar of same average thickness. 


In any event, the lack of protection of the edges of the 
bar in these passes (referring to Fig. 189) signifies that only 
mild steel of high quality could be rolled successfully in these 
passes. Steels containing more than the usual amounts of 
sulphur or phosphorus, or small amounts of copper, crack 
very easily at the edges, and need more edging or side work 
than is provided in these passes. 

These passes of Fig. 189 illustrate one method of obtaining 
abundant spreading by reducing the section nonuniformly. 
Other methods which accomplish the same purposes are shown 
in Fig. 190. Much spreading is obtained in these passes, not 
only because of the noniiniform reduction, but also because 
the shape of the rolls produces lateral tension in the bar. 

In addition to the problems already mentioned, there are 
other points of interest which arise in the rolling of sheet bar. 
They are well illustrated by the section by section analysis 
of tiiree sheet bar passes, shown in Figs. 191-3. In all thre(^ 
illustrations the numbers of the sections correspond to those 
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marked on the periphery of the roll. Turning to the entering 
section on the extreme right of Fig. 198, we notice that the 
lower surface of the bar is wider than the bottom of thc^ 
groove. Consequently, the bar touches the top roll with its 
entire upper surface, while it touches the bottom roll, only 
in the corners of the groove. Strictly speaking, this is true 
only when the bar first enters the roll. As soon as the enter- 
ing section of the bar has passed th(‘ center lin(‘ of the rolls 
it touches the bottom rolls at the corners of tlu‘ groove with- 
out at the same time touching th(‘ top roll. Tlu* stiffness of 
the bar (in addition to the reaction from a guid(‘ box if such 
is used) then takes up the upward thrust. This action shifts- 



the center line between A- A and section 1 and 2, Fig. 193, and 
shifts the roll outline to B-B for section 1 and to C-C for sec- 
tion 2. This discrepancy, however, does not materially affect 
the present analysis. Bewaring in mind that plastic matc'rial 
flows in the direction of least r(‘sistunc(\ it is s(‘tm that th(‘ 
wh()l(‘ section ma)' b(md as indicat<*d in lu’g. 19-4, or that there 
may b(‘ a local ch'loi ination as indicated in I^"ig. 195, (‘aeh 
horizontal line* Ihh changing to a c‘ur\(‘(l line e-h. Bending 
of th(‘ bar, as shown in 1^5'g. 194 would iindonbtedh occMir 
if the (mtir(‘ i(‘ngth of lh<‘ bar w(*rr‘ sul>j<‘ct('d to the (h'seribed 
action. The application ol (li(‘ lorc“(‘S, however, is confiiicd 
to th(‘ short (listanc(‘ from sec‘tion 2 to section 4 of h’ig. 198; 
th(n*(‘lor<' thi‘ local chlorination illnstratial in f'ig. 195 is more 
)ik(‘Iy to 1)(‘ th(‘ rc'snlt of th(‘ action. 
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Fig. 194 


Inasmuch as the forces to which the bar is subjected act 
as indicated by the arrows A-A', the local deformation about 
the lower corners of the bar takes place principally in an up- 
ward direction. The force A which is exerted by the bottom 



Fig. 195 


roll, however, has also a component in the (lir(‘cti()n of tlu‘ 
arrow B, which causes a slight lat(‘ral compression. It might 
))e suspected that the material displaced by tin* local d(?- 
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formation at the lower corners of the bar would form a wad 
on the bottom of the bar as shown at C', Fig. 195. A brief 
study shows that the lower part of the bar is subjected to 
tension as a result of the forces, and that in consequence the 
displaced material could not take the form of a wad as shown 
at C'. Giving due consideration to these various features, 
it appears probable that about two-thirds of the material dis- 
placed at the bottom of the bar between sections 2 and 8 
(Fig. 193) will spread upward, the remaining one-third being 
displaced laterally. An area equal to two-thirds of the dis- 
placed area has accordingly been added at the top of section 
3-3 in Fig. 193. The above reasoning also applies to the 
deformation in section 4. 

Between sections 4 and 8 of Fig. 193, the entire lower 
surface of the bar is in contact with the bottom roll, and con- 
sequently the entire bar, with the exception of the extreme 
edges, is subjected to direct compression. In order to deter- 
mine the factor of upward displacement in the corners, the 
shape of the projected contact area must be considered. In 
this case, its length in the direction of rolling is roughly 
13/16 inch, whereas its width is approximately 8 inches. It is 
evident, therefore, that if the spreading of the bar were un- 
restricted, almost all of the deformation goes into elongation, 
means that the elongation factor is more than five times the 
lateral spreading factor. Since the spreading in this case is 
restricted, almost all of the deformation goes into elongation, 
and the areas which are not under direct compression (marked 
by crosses in sections 5 and 6 of Fig. 193) are pulled along 
l)y the elongation of the center part of the bar. As the final 
section 8 of Fig. 193 is approached, the frictional resistance 
to forward motion becomes less and less. 

Both of the above mentioned actions tend to reduce the 
upward spreading of the material displaced at the lower cor- 
ners of the bar. By means of careful weighing of the various 
iiiHiienc(‘s which liave been described, the displacement factor 
for each s(‘ction was determined. These factors are shown 
above tlie successive* sections of Fig. 193. It will be observed 
that the pass is nicely filled, and the natural conclusion is 
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that either the design of the passes was worked out very 
carefully, or else the design was the product of long ex- 
perience. 

In Fig. 192, the above process lias been used to analyze 
a pass of a German sheet bar mill. It is unnecessary in this 
case to make a detailed explanation like the preceding one, 
but it is desirable to note the features in which this design 
differs from the preceding one. It will be noted that the pass 
is about 3 millimeters ( Vs-inch) widcT than the entering bar. 
The immediate result is that, in the early sections 2 and 3, the 
material which is displaced from the corners escapes laterally 
and causes the bar to touch the sides of the pass even before 
the direct compression over the entire width of the bar has 
begun. The final result is that the pass is not as well filled 
as that of Fig. 193. The passes which follow, however, are 
designed so that the last pass will be completely filled, and 
therefore the fact that the pass .shown is not completely filled 
is of no serious consequence. This pa.ss provides only a small 
amount of sidework to protect the edges of the bar, but it 
probably produces satisfactory .sheet bars, and it certainly is 
subject to less roll wear — because of the decreas(^d sid(*work 
— than the pass shown in Fig. 193. 

Fig. 191 shows the analysis of a sht^et bar pass of a mill 
in the central west of the* United Stat(‘s. Altliough the pa.ss 
allows Vs-inch lateral spr(‘ading, as in the* case* of Fig. 192, it 



Fig. 196 
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is filled completely by the final section. This is due not only 
to the greater thickness of the bar, but primarily to the fact 
that the corners of the bar are rounded instead of being cham- 
fered like those of Figs. 192 and 193. If the corners had been 
broken by a straight line .between the points of tangency of 
the fillet, as shown in Fig. 196, the pass would not have been 
filled. With regard to the amount of sidework and to the roil 
wear which always accompanies sidework, this pass is similar 
to the one shown in Fig. 192, the only difference being that 
in this pass the sidework is more evenly distributed over the 
whole thickness of the bar. This may be regarded as a well- 
designed pass. 

Sheet bars can also be rolled in two-high reversing mills, 
but that method is seldom practiced, because it requires 
turning the bar over between two consecutive passes, for the 
purpose of avoiding fins. A roll for such a mill, together with 
the passes, is shown in Fig. 197 (taken from Blast Furnace 
and Steel Plant, April, 1928). 

Careful design of sheet bar passes is sometimes consid- 
ered burdensome. It can indeed be obviated in continuous 
mills by allowing free lateral spreading and by using vertical 
edging rolls to provide sidework. The edging I'olls, which are 
usually drag rolls, also serve the purpose of cracking the 
scale so that it can easily be blown off by a blast of compressed 
air, water or steam. In noncontiniious mills, vertical drag 
rolls cannot be used because of complications in the method 
of driving, but most of the scale can be removed by the use 
of edging passes. Tlie design of vertical edging passes be 
tween horizontal rolls, however, recpiires some consideration 
of the thickness of the bar; for the reasons that thin bars 
cannot be edged without buckling, and that moderately thin 
bars must be so closely held or guided to prevent buckling 
that the scale is given no opportunity to drop away. 


Tongtic and Groove Rolling of Ordinanj Flats 


The method of rolling ordinary Hats in tongue and groove 
is well illustrated by Fig. 198. Evidently, no edging is done 
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ATf d<0on T^jvvcer Mm 

Fig. 197 
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in this set of rolls; in this respect they act the same as most 
sheet bar passes. The drafts and spreads for a 2V4-inch flat 
are as follows: 


Draft, inch 1/2 3/8 1/4 1/8 

Spread, inch 0 1/16 0 1/64 

Reduction, per cent, 31.9 37.1 36.7 26.2 


It is evident that suppressed spreading takes the place 
of edging. 

In connection with the spreading of the bar m the passes 
shown in Fig. 198, the fact might be mentioned that in a three- 
high set of tongue and groove passes, if the bar fills a given 
pass in the upper row, there can be no spreading in the pass 
immediately below. 

While the roll is shown for a flat of 1 4-inch thickness, 
it can be used for thicker flats, for instance 5/ l6-inch or eveti 
3/8-inch, by setting the rolls farther apart. The drafts reirlain 
the same, but the reductions (and elongations) become less 

On account of roll wear, it is somewhat difficult to 
maintain accurate width even in a tongue and groove roll. 
For that reason, some milk put an edging pass in’o the roll 
and go from it into the finishing stand, provided the flat Is 
thick enough to stand a moderate edging pressure without 
buckling. 

Tongue and groove rolling does not get rid of scale on 
the bar; on the contrary, it rolls the scale tightly into the bar. 
For that reason, this method is abandoned, wherever possible. 


Dimen.sion.s of Roll Beyond That Part Shown in Fig. 198 


Pass 

No. 

Width, 

inches 

Thickncs.s 

inches 

, Boll I)ianiet(‘r in I 

'top Midclh* 

nc'hes 

Bottom 

Sidewall 

Angle 

degrees 

la 

1-1.5/16 

Pk 


9-Tj 

0 

3 

2u 

1-1.5/16 



9'U 

0 

.3 

3a 

2 

*'2 

10^8 

10»K 


2 

4a 

0 

•38 

IO'h 

10*K 

‘Rh 

2 

5ii 

2- 1/64 


10^4 

lOV-i 

104 

T 

11) 

I- 3/4 

^8 

10 

10 

04 

2 

21) 

1- 3/4 


10 

10 

Ohi 

2 

31) 

1-49 64 

‘4 

101.J 

10*. 1 

10*4 

T 
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ROLLS FOR MERCHANT BARS 


r Hexagons . , 

Hexagonal bars are produced in large quantities for bolts 
and screws, and occasionally for nuts, They can be so rolled 
that, in the finishing stand, the clearance between the rolls 
contains tw'O corners, or else so that two sides of the hexagon 
span the gap. 

The latter method is the more common of the two, be- 
cause it produces sharp corners without danger of fin forma- 
tion, The finished hexagon is rolled either from an oval or 
from an elongated hexagon Standing on edge. The former 
(oval) leader produces very poor hexagons. For that reason, 
the elongated hexagon has been generally adopted. 

Fig. 199 shows the passes of two sizes of hexagonal bars 
rolled on a 10-inch mill. In each case it takes four passes to 
convert a square into a hexagon. In this case six passes are 
shown, but the first two passes are breakdown passes and 
might as well have been omitted from this study. 

The characteristic pass in this series is the leader which 
is an elongated hexagon with two concave sides. The sec- 
ond pa.ss ahead of th(‘ leader is very similar, but it cannot 
(piite completely be s(|ua.shed down into the right .shape. In 
using these pa.sses, attention must he paid to .slight changes 
in sprcuidiiig which ar(> caused hy material, roll diamctc’r, 
temp('ratur(‘ of Ivar, and tenqx'ratnre distrilmtion within tlie 
bar. 

From the ex])lanation given in Vol. 1, it follows that tlu“ 
concasity at the top and bottom of the leader must he* the 
gre.iter. the longer the bar has he(m out of tlu' turnacx'. In 
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other words: The colder the bar, the smaller the raditis, (to 
prevent overfilling). 


Rounds 

While a ‘‘round” appears to be a difficult section (as far 
as filling the pass correctly is concerned) it is remarkable 
how many different shapes of leader passes can be used to 
produce a practically perfect round. 

Up to a short time ago, a broad distinction was made 
between hand rounds and guide rounds. Large rounds, from 
2 inches diameter upwards to about 8 inches diameter were 
and still are rolled by hand. In this method, a comparatively 
short leader bar of oval or gothic cross section is guided into 
and through the finishing pass, while being held in correct 
position by tongs in the hands of workmen. 

In guide rounds (usually less than 2 inches diameter) the 
billet is reduced to an oval leader which enters the round 
finishing pass while supported by a guide. 

The hand round has the reputation of greater accuracy; 
the latter is much appreciated for subsequent cold rolling. 

Recently, a combination method has been introduced for 
“forging rounds,” which are between 1 inch and 3 inches in 
diameter. 


Hand Rounds 

In the rolling of hand rounds, the bloom or billet is usu- 
ally reduced in gothic passes (see Figs. 166 167, 168) to a 
square with bellied out sides, see Fig. 165. A comparatively 
short bar of this section is then finished in the following man- 
ner: Workmen hold the bar by tongs with the corners in 
horizontal and vertical planes and walk towards the mill while 
liolding the bar in this position. The bar is passed through 
a round leader, the diameter of which is from 3/32-inch to 
1/8 inch larger than the finished round, and the corners of 
which are v(ny amply rounded (see Fig. 200). A mild over- 
fill is fornK‘cl whicli becomes somewhat cold and forms a 
shadow. The bar is them passed through the finishing pass the 
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first time with the shadow on top, and twice more after turn- 
ing. The reduction from the gothic leader to the finished 
round is usually taken as 5 to 6 per cent of the area of the 
leader. The round passes are tailored with a very large radius, 
for instance 1/3D, where D = diameter of round 2H, 
see Fig. 200. As previously mentioned, the part of the bar 
which lies in the clearance is not reduced and spreads. It is 
reduced when traveling through the same pass again, after a 
90-degree turn. 

The smaller the diameter of the round, the shorter the 
bar must be in hand-rounds, for the following reasons: Roll- 



ing speeds must h(‘ low, Ixeause tlu‘ roller has to walk at the 
speed of the mill whilt‘ holding the* bar. (kmsetjuently, a 
small bar cools too (juickly, unless it h(‘ short. Furthca'inore, 
a small bar has litth* str(‘ngth against twisting. Since th(‘ 
angle of twist is roughly proportional to th(‘ nx'iprocal of tlu* 
fourth power of the diam(‘t(‘r, and is dir<‘ctly proportional to 
the length of the bar, it follows that for a bar half th(* (liain<‘t(‘i 
(of another), the saf(‘ hmgth is only I If) of the hmgth of tlu' 
other l)ar. 

Thes(' conditions limit th<‘ hand round to the \ahi<\s gi\<‘n 
a])()V(‘. 

Fig. 201 shows a s(‘ction by S(‘ction analysis of an almost 
round haidcM* entcTing a round finishing pass for th(‘ first time 
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through. The leader is 4-3/16 inches in diameter and has a 
mild overfill on each side. The finishing pass is 4-1/16 inches 
in diameter and its corners are amply tailored to prevent fin 
foi'mation. The dimensions refer to the hot bar, the finished 
diameter of which after cooling would be 4 inches. It will be 
seen that the bar has a slight overfill, as shown in section 
D'D, after its first passage through the finishing pass. After 
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a 90“degree turn, a second trip through the finishing pass rolls 
the overfill back into the bar and produces a nearly perfect 
round. A still smaller ovei*fill may, however, be produced 
in the second trip through the finishing pass, so that another 
90-degree turn and a third trip are required to make a perfect 
round. In the case of Fig. 201, the reduction in the first pass 
through the finishing rolls is 5 per cent, while the reduction 
in the second pass is 1.6 per cent and the reduction in the 
third pass is even less. 

Guide. Rounds 

Guide rounds are, as a rule, made from ovals, and the 
latter from squares. Proportions of the oval vary and lie be- 
tween an “almost circular” oval (1) (2) (4) (6), as shown in 
Fig. 202, and a very flat or oblong oval (3), (5), (7), (8). 
The almost circular oval serves for large^r rounds ( IV 2 inches to 
4 inches) while the very fiat oval serves for small rounds 
(5/16-inch to %-inch). An almost circular oval would b(^ 
preferable for the small sizes, if it could be used; for the 
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very oblong oval wears out the finishing pass very soon, which 
means that it can be used only a short time (the greater the 
contact length, the greater is the sliding which produces wear). 
However, the almost round oval cannot be used for small rounds, 
because the bar would turn over. Guides must have a certain 
clearance, which becomes a measurable part of the height pro- 
jecting beyond the circle, if the round is quite small, and if the 
oval is almost circular. Furthermore the twisting strength of a 
small section is extremely low which means that the guiding 
must be even better than it is for a large section. 

The width ratio of the leader oval (after edging, ready to 
enter the round pass) can be expressed by Table XXII, which 
contains average values gathered from practice. 

TABLE XXII 


Diameter of Round, inches. 2 IV 2 1 V 4 

Width of Leader Diam- 
eter of Round 0.87 0.86 0.85 0.80 0.65 


The necessary depth of the leader (as it enters the round), 
or its width, when being rolled is easily computed from two facts. 

1. The area of the oval leader is very nearly 2/3 X width X 
depth. 

2. The reduction in the finishing pass lies between the 
values of 5 per cent and 15 per cent. 

' Of course, the spreading varies with the reduction, and 
that is one of the reasons why Table XXII is only an approxi- 
mation. It is also evident that the reduction must be greater 
for the V4-inch round than for the 2-inch round. 

The following comment is necessary: In computing the 
width of the leader pass oval it shotild be remembered that the 
oval is seldom filh^l. Referring to Fig. 203, we note that W„ 
usually e(iuals 90 p('r cent of Wj,. 

An example^ is oHVred to clarify this discussion. To deter- 
mine the dimensions of an oval leader for rolling a 1-inch guide 
round (neglecting contraction during cooling): The width 
of the leader is found from Table XXII to be 0.85 inch. Assum- 
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iiig the reduction in the finishing to be 8 per cent, the area 
of the round will be 0.92 X the area of the leader. The area 
of a circle X of course, 7r/'4 X (diameter)''; and the area of an 
oval or ellipse is tt/ 4 X width X length. Consequently, the area 
of the round will be 7t/4 X 1", or tt 4 square inches."* The leader 



area will be 0.85 X h X tt 4, where h is tlie lieight of thc^ leader. 
Therefore, 

7r/4 == 0.92 > 0.85 ir/4 h, 

and h — 1.275 inches. A.ssuming that the lead(‘r pass will be 
filled only to 90 p(‘r ccnit of its width, as shown in Fig. 203, tlu* 
total width of the leader pass (to the inters(‘ction of the sid(‘s) 
will be 1.275 f- 0.9 or 1.42 inches. 

Reductions in the finishing pass can lx* much gr(‘ater, (up 
to 30 per cent) if the* finislu'd round ina\’ b(‘ out of tru(\ and ha\'(‘ 
a rough surface. 

A C(‘rinan rul(‘ for o\ al leaden* is the* following ( r(‘f(‘rring to 
Fig. 203) 

h 0.99 (I ~ 1/10-iiK-li U’o - 1.18 <l t 1/04 inch 

I >4i-inch U',, 1.8 (I j 1 04 inch 

where (I diarneten' of lonnd. .Ximn’ican roll ch^signers pref(*r 
to inak(‘ h sinalhn* than the* xalue found from lh(‘ (h*nnan nih*. 
see Table XXI 1. 

For rounds of more’ than 3'-ineh (liain(‘ter it j)a\s to (I(*j)art 
from the on(‘-radius oval and to substitut(* a thn*e-radiiis o\’al. 

”44ic oval of width Wo bcinj^ nearly elliptical, the lactor 4 was us<‘(i 
iiislcad of the 2/3 incntiojjcd on the preceding * 
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such as shown in Fig. 204. The illustration needs no comment, 
except that d equals the diameter of the round. 

The oval leader is usually rolled from a square lying flat. 
The corners of the square wear grooves in the oval, which fact 
produces overfilling of the finishing pass. For this reason, two 



e(jual leader passes are provided so that one can be used after 
the other one has bet‘ii worn too much. Or else, the preleader 
scjuare is replaced by other sections. 

Fig. 205 shows one method of reducing the wear of the 
leader pass. For large rounds, the gothic. Fig. 165, is an ex- 
cellent preleader pass. 
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A good method of changing from the square section to the 
round section is shown in Fig. 206. 

Large rounds, up to 9 inches diameter, are rolled from a 
ten-cornered leader, as shown in Fig. 207 which shows the leader 
and the finishing pass for a 6-inch round. This leader was much 
used for rolling rounds for ammunition shells and is now used 
for rounds that are to be pierced or are to be sliced and rolled 
into wheels. 

Small and medium-sized rounds are commonly finished on 
mills the pinion diameter of which equals 6 or 7 times the diam- 
eter of the finished round. The larger the round, the less this 



ratio is maintained. The largest rounds are finished in rolls 
with a diameter equal to approximately 2V4 times the diameter 
of the finished round. In the rolling of rounds of 12 inches 
diameter (for instance), reduction of cross section is secondary 
to change of shape. The steel is hot. Both circumstances cause 
the separating force to be small in comparison to the size of the 
bar. 

Another vital difference exists between the finishing of large 
rounds and of small rounds. For large rounds, the finishing 
pass can be an exact circle, because there is practically no un- 
certainty concerning the sprcniding. (There has been no chance 
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to develop great temperature differences in the bar.) With 
medium sized and with small rounds, matters are different. Un- 
evenness in heating or delay in the mill, causes pieces of different 
temperature (in the same bar, or between bars) to reach the 
finishing pass. Any bar (or part of a bar) that is somewhat too 
cold, would certainly produce a heavy fin. The remedy was 
mentioned in Vol. I on page 142. It is shown in Fig. 200 of 
the present volume. The relieving at the sides is accomplished 
by having the roll turner run the next larger plug into the pass 
to a depth of r/4 or even r/3. In addition, a generous fillet is 
provided. The excess spreading cannot produce a fin. Bars 
which are too hot are slightly flat at the sides. Bars which are 
too cold are too full, hut without a fin. 

If very close work is required a sizing mill (with vertical 
rolls) can be arranged beyond the finished stand. It may be 
driven by power, but can just as well be built with idler rolls 
which run on ball bearings. The draft is extremely small (about 
one per cent of the diameter of the round). A tubular guide 
is arranged between the finishing stand and the vertical sizing 
mill. It is important that friction b(‘ almost entirely eliminat(Kl, 
to prevent sticking. 

Recently it has l)(‘<‘n suggestt*d to finish a round bar b\’ 
passing it between two rolls with skew axes. TIk^ edges of tin* 
disks are concave, with a radius largc‘r than that of tlu' round 
to be finish('(l. In the din'ction of th(‘ sb()rt(‘st distance^ b(‘twt‘en 
the two axes th(‘ distance betw<‘(*n the two disks (‘(juals tin* 
diameter of tin* round. A c(‘rtain amount of cross-rolling is ob- 
tained, and the bar twirls. Tin* snc-c(‘ss of tin* sc*ln*nn‘ is not y(‘t 
c('rtain. 


Forging Hounds 

For tlu* making of antomobih* crankshafts and of similar 
article's, a high class round of uniform grain structnr(' and good 
sinlace app(*aninc(' is d(‘mand(*(I. It is commonly rougln'd down 
ill c'ontinuous stands, and is finished in a cross c'onntry mill. 

Tlu* g(‘n(‘ral principl(*s arc* the same* as in rolling orclinar\ 
rounds, bill no tw'isling of iIh* bar is p<‘rmittc(l. (‘\c<‘p( in tin* 
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first roughing passes. Some roll designers avoid twisting alto- 
gether and alternately use horizontal and vertical passes. 

A great advantage of changing from continuous to cross- 
country rolling appears to lie in the removal of scale. Two 
separate opinions have been put forth on the reasons for this 
difference in scaling. 

One opinion states that, with passes close together, only 
a thin layer of scale is added between passes, and is rolled into 
the bar in the next pass. But if the passes are far apart, the 
scale becomes thick enough to be cracked off, or to be rulobed 
off and bumped off on the transfer tables. 

The other opinion is based upon the effect of temperature 
upon scaling. The roughing passes must be made at high tem- 
perature, in order to deform the material while it is soft, plastic, 
ductile. The finishing pass should be made ^it so low a tem- 
perature that very little scaling takes place on the hot bed. In 
consequence, the roughing passes should be continuous, and 
should be followed by passes lying far apart with opportunity 
for cooling between passes. Finally, the scale should be blown 
off by high pressure water just ahead of the finishing pass. 

There is some truth in both opinions. 

As stated in Vol. I, approach to a perfectly semicircular 
finishing pass re((inres excellently uniform heating, and invari- 
ably constant time' bc'tween discharge from furnace and entrance 
to finishing stand. Tliis condition is liard enough to fulfill, while 
the same s('ction is rolh'd for a long time. It cannot be met, 
if the section changes, Ix'cause heating and scaling differ, when 
material is held in the furnace for an excess time of 40 minutes 
to OTU' hour, while rolls or guides an' being chaTiged. 

Qfdck-Rerlucliot} Series * 

In tlu' rolling of small merchant mill sections, mr in.'thc rx)Ji- 
ing of wire* rod, oik' of the main objects is to reduce from thc' 
billet to th(' final sc'ction as rapidly as possibh', by which state- 
uu'ut is uK'ant that the' h'wc'st j^ossibh' j)ass(‘s ar(‘ nsc'd. In this 
class of work thc‘ arrangc'inc'iit pr(‘\'iously (h'seribt'd under rolling 
of scjiiares, in which I'olling can 1)(* int(‘rrupt('(l aii\wh(‘r(' and 
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a square billet is obtained, is of no importance, because we are 
not interested in intermediate sizes. 

In the production of these small sections two problems 
enter. One of them concerns the shape of the grooves, includ- 
ing maximum possible reductions, while the other one concerns 
the arrangement of the passes on the rolls. 

In addition to the previously mentioned methods of diamond- 
square-diamond, and flat-and-edging, several o|her methods or 
series are in use, namely the all-diamond series, the oval-square- 
oval series, the oval-diamond-oval series, and the oval-round- 
oval series. The latter three are in common use for fast reduc- 
tion particularly in continuous mills. The oval-square-oval 
series probably originated from the desire to roll by a method 
which would produce intermediate squares that can be used as 
starting sections for rounds, hexagons and special shapes. How- 
ever, each square has only five-eighths to two-thirds the side of 
the preceding square, which means that the finishing mill must, 
as a rule, have a great number of passes, if it works in ct)njunc- 
tion with this series. 

A reducing series mu.st meet the following requirements: 

1. Almost all of the deformation must go into (‘longation, and \'(*ry 
little into spreading. 

2. On account of the heavy reductions and the accompanying wear, 
the passes iniist have such a shape that they can be restored to th(‘ir 
correct shape with removal of hut a small (iinintity of jnat(‘rial. 


The flat-and-edging series (see blooming mill and billet mill 
X)asses) meets the first requirement if collars ar(‘ provich‘d, bnt 
it does not meet the second requirement, nnles.s the pass b(‘ 
shaped as shown for instance in Fig. 208. In that case, lateral 
abrasion is compensated by axial adjustment of the rolls. End 
thrust is, however, so troublesome that this shape of pass is 
used rather seldom. Flat-and-edging passes can also be used if 
the sides of the passes are strongly inclined, as in Fig. 209. If 
they are used, they are limited to the first few pass(‘s immedi- 
ately after the billet has left the fu^lac(^ aft(‘r th(‘ l)ill(‘t has 
gone through three or four passes, it sprc'uds too much, and d\e 
other type's of passes are pref(Tahl(^ 
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The diamond'Square-diamond series does not reduce suffi- 
ciently fast, for reasons which were previously explained^ We 
then arrive at the oval-square-oval series. It meets both require- 
ments quite well and is extensively used. Fig. 210 illustrates the 



Fig. 208 


method of rolling. The ovals are quite frequently replaced by 
flats with long sloping edges or, in other words, by bastard ovals. 

The right hand oval in Fig. 210 is of that type. Still other 
shapes taking the place of the oval are shown in Fig. 211. The 
purpose of using these alternate shapes will become clear 
presently. 
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Fig. 209 


In Fig, 212, a diagram of ideal elongation is given for an 
oval entering a scpiare and in Fig. 213 the same diagram is given 
for a square entering an oval. While spreading modifies the 
conditions somewhat, the following conclusions are nevertheless 
true. In Fig. 212, the extreme sides (neglecting spreading) have 
less elongation than “one."’ They are stretched, or pulled along 
by the elongation of the rest of the section. This action, as we 
know, reduces spreading. The little spreading that actually 
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occurs does not add much to the area. In consec^uence, the 
oval-into-scjuare pass is a good stretching or reduction pass, Fig. 
21S shows that the pass “square-into-ovar' is somewhat 
favorable with regard to the prevention of spreading;. ; :Thtt sit 
touch first, and must spread, because the center or main mass of 
the bar is not yet being compressed. Nevertheless, heavy reduc- 



tions are possibh' by using heavy drafts and l)y allowing for 
the spreading. 

This pass (tlu^ bastard oval in Fig. 213) w(*ars vta'y rapid!) 
at the points — on thc‘ sloping sid(‘s — w1ht(‘ IIk* bar first touches 
the rolls. Also, this pass cans(\s the (mds of tlu‘ i)ar to “fishtail," 
with the' result that th<‘ bar Ik'couk'S difficult to gnid(‘. Iu)r th(‘se 

I'iL'. Jii 

reasons, and b(‘eans(‘ the rolls bec'oiiK* se\(T(i) fireeraekt‘d at 
the? points of first eontaet, the ns(‘ of this seri(‘S is a\()icl(‘(I b\ 
many roll d(\sign(‘rs. 

In both passes ( o'. al-into-Sf|uan\ s(jnar(‘-iiito-()val ) r<‘(hK’- 
tions up to 50 p(‘r c(‘nt. or evani mor(‘. ar(' possible but are S(‘l- 
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dom practiced, because the rolls wear too fast. The principal 
advantage of continuous mills or of semicontinuous mills con- 
sists in rolling the same section a long time without change. 
Glianging or adjusting rolls is expensive; ; For that reason, the 
heavy reductions are now limited to the eatly passes or middle 
passes. In them the speed is slow and the material is hot. Both 
factors reduce wear. In the later passes the speed is high and 
the material is cold. Both factors increase wear. We therefore 
encounter reductions between 40 and 50 per cent in the early 
passes, between 30 and 40 per cent in the middle passes, and 
between 20 and 30 per cent in the later passes. If the metal- 



\'l% 212 


lurgists learn to give the roller a harder roll that will neither 
wear nor fire crack, heavy reductions can be used all the way 
through. As matters are now, the ideal situation would consist 
in wearing all the passes down to such an extent that they all 
need dressing at the same time. However, that condition can- 
not always be attained. 

The suggestion might be made here and there that still 
h(‘avier reductions could probably be obtained more readily 
and with less wear b} the use of larger diameter rolls. The 
futility of this suggestion becomes clear from the following 
reasoning: The forward slip, or speed dilferenee between enter- 
ing and leaving section dc^pends mainly on the per cent rednc- 
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tion, but it also increases with the size of the roll. The length 
of the contact arc grows with the diameter of the roll, as seen 
from Fig. 214, and since wear is proportional to the product 
of pressure times rubbing distance, it is clear that the wear 
must be greater on a larger roll. From pages 18 and 86, Vol. I, 
it will be remembered that the effect is cumulative and that 
the longer fricLion path also increases the pressure, which means 
that the wear is much greater for large rolls. This statement 
refers to the quantity of metal removed by wear. The larger 
the roll, the less is the reduction of diameter for a given weight 
of metal removed by wear. However, the two practically cancel, 
which means that there is nothing gained by the use of larger 



rolls. In addition, larg(‘ rolls cause greattn' spr(*ading, whereas 
elongation is what we wish to obtain. 

To make this matter cjuite clear, a rather (‘xtreuK* case will 
l)e chosen as an example. Fig. 215 sh()v^^s an analysis of an 
oval entering a sejuare, ordinary roll diam(‘t<TS b(‘ing used 
while Fig, 216 shows an analysis of the sam(‘ oval ent(‘ring tin* 
same sejuare, lying in a roll of twice the diairu^tta*. SirnilarK', 
Fig. 217 is an analysis of a square entering an oval, ordinary 
roll diameters being used, whereas Fig. 218 is an analysis of tin* 
same scpiare entering the same oval lying in a roll of twice 
tin* diameter. Th(* gr(‘at(T spreading is iinm(*diatel\- (*vi(lent. 
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Fi>. 21 ( 


Of course, the best relation of size of bar and diameter of 
roll was not found by analysis and calculation, but by costly 
trial and error. 

A relation exists between the Hatness or shape of the oval 
and the reduction. This relation is well illustrated by Fig. 219. 
To fill th(‘ flat oval w(' must have lots of reduction and lots of 




l*iK. il8 


spreading, whereas filling tlu* l(\ss oblong o\al calls tor less re- 
duction and l(‘ss spreading. 

This r(‘asoning will help to <‘xplain th<‘ pass-sliap(‘s of Fig. 
211. 1 h(‘ right hand, \(‘r\ tlat o\al s<‘r\<‘s for (}ni<’k r<‘<liicti<)ir 
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and the left hand, contracted bastard oval (if it may still be 
called an oval) is, used for extremely quick reductions. When 
placed on edge, and entering a square on the diagonal, enormous 
reductions are possible with this contracted shape, without pro- 
ducing a fin. This pass is used whenever it is necessary to get 



down in the smallest possible number of passes, without regard 
to roll wear or quality of material being rolled. 

The oval-square-oval series requires that the bar be turned 
for each pass, 90 degrees from oval to square, and 45 degrees 
from square to oval. The oval-round-oval series avoids this 





Fig. 220 



necessity, as will be seen from a study of Fig. 220. The 90 de- 
gree turn from oval to round is still necessary, but the round 
can ent(‘r the succeeding oval without a turn. 

Whik‘ this fact is a help, it is not considered of as great 
importance as th(‘ reduction of roll wear, and the absence of 
“fi.shtailing.” 

If interuK'diate rounds from thc‘ series are to he used, the 
series of Fig. 220 will not do, iK^cause the intermediate rounds 
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are bastard rounds. The inteniiediate round passes must not 
be filled unless temperatures remain absolutely constant, be- 
cause the slightest change in conditions would produce a fin. 

For many years the oval-round-oval series was not applied 
because it was attempted to fill the intermediate rounds and 
because many fins were produced. In the series shown in Fig. 



220, 1% squares are rolled to either %-inch srjuares or 15/16- 
inch rounds. The reduction is moderate. 

A modified oval-square-oval series is illustrated by Fig. 221. 

The second problem of any (juick-reducing series is the ar- 
rangement of the passes in the rolls. In general, this problem 
concerns the design of rolling mills much more than the design 
of roll passes. The possible number of variations and combina- 
tions is ver)' great, and the study of these arrangements does 
not belong into a treati.se on roll design. 



CHAPTER IV 

THE ROLLING OF SHAPES 


As soon as we leave simple sections such as squares, flats, 
rounds, and hexagons, we enter the field of what is known as 
shapes, the commonest of which are the angle, the Z-bar, the 
“T,” the channel, the I-beam, and the rail. Most of these shapes 
are so commonly used that experience has worked out several 
excellent methods of producing them between rolls. 

While the underlying principles were discussed in detail 
in Vol. I, the special and separate features which characterize 
the rolling of each of these shapes will now be discussed. 

The Rolling of Angles 

The angle forms the transition stage between the simple 
sections and the irregular shapes, because an angle is nothing 
but a bent or kinked flat. An angle indeed can be rolled in a 
manner very similar to that of a sheet bar, the main difference 
consisting in the necessity of producing a .sharp apex, and of 
finally bending the flat bar into the shape of an angle. 

Two methods of rolling angles are in common use, namely 
the flat-and-edging or butterfly method which is shown in Fig. 
222 and the combined reducing and bending method which 
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is shown in Fig. 223. In oach cast* only a tew of the principal 
passes have been shown, so as not to confuse the illustrations. 
Very small angles are occasionally rolled from a rectangular 
billet which is entered diagonally as shown in Fig. 224. 

It is also possible to keep the angle upright all the time and 



Fiff. 223 


to roll away one corner, but this method cannot be recommended 
because it is too hard on the deliverv^ guides. 

In the first of these methods the location of the pass with 
regard to the pitch line is of importance because it is desirable 
to deliver a straight bar without exce.ssive pressure against the 



guid(\s, and hecaust* it is cl(‘siral)l(' to a\()ici impact oi tin* 
couplings and spindles. 

The combination reducing and bending nx'thod has the 
advantage^ of taking np less spact* along th(‘ roll body than the 
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butterfly method, but it results in rather deeply cut rolls. Against 
this the butterfly method does not require deeply cut rolls, but 
it allows no edging passes in the later part of the rolling process. 
Most angles are today rolled by the combined reducing and 
bending method because the butterfly method takes too much 
room on the rolls. The butterfly method is used, where no mill 
large enough for the slab and edging method exists, but where 
many stands of a small mill are available. 

The number of passes which are used to roll an angle from 
the billet varies with the size of the angle. Small sizes can be 
rolled in five passes, medium sizes require seven to nine passes, 
while the largest angles require as many as eleven passes. There 
are several reasons for this difference. Firstly, small angles are 
rolled on mills which are quite large in comparison to the size 
of the angle. In consequence, very big reductions can be taken, 
Secondly, small angles have thicknesses which are quite con- 
siderable compared to the size of the angle. Against this, large 
angles are rolled on mills which are small compared to the size 
of the angle, which means that the reductions must be smaller; 
and finally, large angles have very small thicknesses in com- 
parison with the overall dimensions, so that for this reason also, 
a greater number of passes must be taken. 

Although the butterfly method is not being used as much 
as it formerly was used, it has two characteristic passes, namely, 
the edging pass and the bending-up pass. Since they are so 
characteristic, a section-by-scction investigation of these two 
passes is given here in Fig. 225 and Fig. 226. 

Fig. 225 shows what goes on in the edging pass. The 
analysis follows the method explained on page's 102 to 107 ol' 
Vol. I. The sections are numbered from 1 to 6, going from 
right to left. Betwc'cm sections 1 and 2, the rolls are just taking 
hold. At first, contact takers place* in a fe*w corners, which 
means that the pre*ssure is local; it is concentrated on small spots 
wliich have to bc'ar a much high(*r unit stress than the rest of 
the mat(*rial. The* ('lastic limit is c'xcet'de'd in spots but condi- 
tions arc v(‘iy favorable* to lateral, local spreading so that only 
about oiK'-third of the* ch'formation will go into elongation. 
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Between sections 2 and 3, spreading cannot occur as freely 
as it did between sections 1 and 2, because the steel touches 
the sides of the groove. This condition would produce con- 
siderable elongation, if it were not for the buckling of the sec- 
tion. It is evident that the compressive stress will be quite 
intense at point H, sections 2 and 3, while there may be even 
slight tension (up and down) at point K. If the material were 
perfectly elastic, the compressive stress at H would be almost 
2¥i times as great as it is in LL. Forward motion is still diffi- 
cult. It is, therefore, probable that only 1/3 of the displaced 
area goes into spreading, as indicated, while the other half 
of the remaining compression height decreases distance AB, 
increasing distance CD by a corresponding amount , 

The same relations exist more or less between sections 3 
and 4. The wedge-shaped grip of the rolls extends so far down, 
and the collapsing action is so great, that only a small fraction 
of the total deformation can go into elongation, while its great- 
est part consists in collapsing. Between sections 3 and 4, the 
compressive stress at H is approximately four times as great as 
the compressive stress in the section LL, Consequently, the 
probable shape of the stock in section 4 was sketched on the 
basis of 25 per cent of the displaced area going into elongation, 
25 per cent going into lateral spreading, and 50 per cent being 
accounted for by collapsing or buckling. In section 4, this latter 
action has almost reached its greatest intensity. 

Further intensification of this action is checked by the 
steels coming in contact with the rolls at point E (section 5). 
This contact occurs somewhere between sections 4 and 5. The 
immediate effect of this contact is the setting up of a couple 
counteracting the bending caused by the bending force P. Study 
of the upper half of section 5, shows that the moment MP 
caused by P turns counter-clockwise. The result is that the 
bending or the buckling effect is greatly diminished. Allowing 
for the circumstances that, in section 4, the steel has not yet 
touched the rolls at E, and in consideration of the fact that the 
shape in section 5 must be the result of all forces acting be- 
tween 4 and 5, one-third of the displaced area was assumed 
to go into elongation, one-quarter is accounted for by bending, 
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while the rest goes into spn'ucling, vvhicli, of course, means 
growth of cross section counteracting the reduction of area 
which is caused by the approach of the roll surfaces. Spread- 
ing occurs to the greatest (‘xtcnt where th(‘ force's favoring it find 
least resistance. In the section under discussion that place is G. 

Very much the saint' reasoning applies bt'twt't'u 5 and the 
final section 6, excc'pt that the total friction resisting forward 
motion is now very small. But the resistance to spreading at 
G is likewise very small, while further collapsing is almost im- 
possible. In consequence, section 6 was laid out ou the basis 
of one-half of the deformation going into length, and tlie other 
half going into spreading, mostly at G. 11k‘ (‘dging pass cracks 
the scale and drops it. 

Fig. 226 shows how the “butterfly” is Ixmt into an angh* 
with straight sides. As Ix'fore, the bar inovt'S from right to left. 
Sections were again mad(' tlirough tin* roll and through the 
angle to inv(‘stigate the gradual proc('ss of (h'formation. Sec- 
tion 1 shows the angle as it conu's from th(' preceding pass. It 
is shown a.s touching both the top and bottom rolls. This nec'd 
not necessarily occur, b(‘cans(‘ tlu' guide* may, and probaljly will, 
enter the angle* so that the latt(‘r touch(‘s one* erf tlx* rolls ahead 
of the other. lI()W(‘V(‘r, that makes little* diflere’nee*, he'cause* the* 
roll which conu*s in contact fir.st will soon de*lleet the* whole l)ai 
so tluit it also te)uch(‘s the* othe'r re)ll. From se*ctions 1 to 5, th(*re* 
is practically no ce)mpre;‘.ssi()n. All de*formation is eause'd h\' he'ud- 
ing within tluit range*. 

Point A in sections I to 4 denotes the* point wheTe* the* 
entering se'ction first touelu'S. Form a study of tin* drawing, 
it is evident that a sliding action takes place l)etw(‘<‘n the* angle's 
and the re)lls. This sliding has sev<‘ral e*li(*ets. k’irst, it wears one* 
of the rf)lls ove'r the* range* marke-el C'-A in S(‘etion I; se'eonel, it 
sharp(‘ns the e()rne*r at the* lip of the* angle*; thirei. it ine‘re‘as(‘s the 
t(*nsi()U wliicli is |)r()(hK:e‘(t by bending uj) of the* angle*. If the* 
hendiiig force* we're* applie'd in the direction of the arrow at 
A, se'ction 1, tlu'n the* ne'utral axis would lie* in the* center of the 
width of the* angle*. But since* the* force* is apphVd as iii(licate*el 
by tlu* arrow at A, section 2, tlie* ne*utral axis is shift<‘el to ahemt 
one-(|nurteT of the* thickn<‘ss from the* inner (*e]ge. 'I'lie* amount 
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of elongation which results from bending up can, therefore, be 
quickly ascertained by measuring the distances AB and CD, sec- 
tion 1. Then (CD — AB) AB is the unit for specific elonga- 
tion which results from the bending up. A perfectly plastic 
material will stand a single (not repeated) elongation of 100 
per cent if lateral contraction is prevented, and will stand much 
greater elongation if lateral contraction is permitted. In the 
present case the unit elongation is about 10 per cent, with lateral 
contraction prevented. Consequently, no cracks need be feared, 
either with steel or wrought iron. If the unit elongation by direct 
tension across the slag grain in wrought iron exceeds 15 per 
cent, cracks are likely to appear. There is nothing particularly 
definite about the value 15 per cent, because the nature and 
extent of the slag enclosure modify the limiting elongation. 
With steel, a greater amount of bending up than here shown is 
permissible; the limit is set by other reasons, particularly by 
wear of the rolls. 

A different action begins just as soon as the angle touches 
both rolls over its whole length. The regular compression and 
elongation which forms the object of all rolling processes, takes 
place between sections 5 and 6. The amount of compression 
in the finishing pass is usually very small, so as not to destroy 
the accuracy of the final pass. A slight compression is desirable, 
l)ecause it counteracts, to a certain extent, the loosening influ- 
ence of the tension caused by the bending up process. The 
amount of lateral spreading which occurs in this pass is of in- 
terest. Above section 6 a development of the projected contact 
area has been shown. It is somewhat different for the top and 
bottom rolls. The contact area is then a rectangle of ratio of 
sides of about eight to one, which means that less than one- 
tenth of the displaced area will go into spreading. The pass, 
therefore, barely fills. No fin will be produced. 

Since* the combined reducing and bending method of roll- 
ing angl(\s is today the .standard method, several example's of 
tile pa.sses are give'ii in .Figs. 227, 228 (Plate' I) and 229. 

In P'ig. 227, as in many eif the lateT illustrations, the tail 
marks at the* side's eif tlie pass indicate' the split of the reiiis. 
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FL — pitch line. Pass No. 5 is practically identical with the 
pass analyzed in Fig. 225. 

In Fig- 228 (Plate I) the arrangement of passes and collars 
is interesting. Evidently the roll designer used judgment. The 
collars may be made slightly narrower, but not much. 

Since the angle is unsymmetrical top and bottom, it may 
be expected that the shape of the projected contact area must 
be diflFerent top and bottom. The expectation is borne out by 
Fig. 230, which shows the billet from pass 2 of Fig. 228 enter- 
ing pass 3. The construction lines are shown, and little com- 



ment is needed. The solid lines show the projected contact area 
as found by construction. The dotted lines show the probable 
shape which establishes itself due to the yielding of the bar. 

The passes of Fig. 228 lie halfway between the butterfly 
method and the standard method. In a study of the templets 
of Figs. 227, 228 and 229, or of similar passes, the location of 
th(^ parting of the rolls can readily be located not only by the 
above mentioned tail marks, but also by the sharp corner. It will 
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Fig. ^30 

he* noticed that tlu‘ lips of tlic l(‘^s of the anf^Ies an* in soiu'* 
cases sluirp, and ronnd(*d in other eases. l'h<‘ sliarp ])oint indi- 
cates th(* parting or cl(‘aranc(‘ l)<*t\v(‘(‘n the rolls. I'he metal do<‘S 
not fill th(‘ point, h<*c‘ause th<‘ radius in the preeedinu pass was 
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made large enoiigli for that purpose. (See Vol. I, pages 140, 141.) 

In most of the passes, spreading is almost entirely pre- 
vented, for the purpose of protecting the edges. The total 
width of the finished angle is but little greater than that of the 
billet. 

In all structural shapes, the trade demands several thick- 
nesses of a given si^e of sect'ion. Angles are made in a number 
of these thicknesses, which vary from 2 (for small angles) to 6 
(for large angles). The problem is to obtain these thickness 
variations with the smallest number of rolls or roll changes. 

A very simple but crude method consists in setting the rolls 
farther apart. If the metal fills the finishing pass, the method is 
crude because the length of the legs of the angle is changed 



Fig. 231 

thereby to a slight extent, as shown in Fig. 231. Correct length 
for all thicknesses is obtained by separate finishing passes and 
s<‘parate k^adcn-s for the various weights of angles. 

It is, lK)wev(‘r, possible and rather common practice to pro- 
duc(‘ angle's of the saim' nominal size, but oi three different 
wf'ights, in the same finishing pass. This is done by designing 
tli(‘ pass(‘s for the interinc'diate weight of the three weights de- 
sirc'd, and by varying the roll adjustment in th(‘ finishing pass 
to pr()dne(‘ thf‘ h('avi(‘r and light(T w(‘ights. In order to keep the 
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dimensions of the finished product within the usual tolerances, 
it is necessary to vary the draft in the leader as well as in the 
finishing pass when changing from one weight of angle to 
another. No stops are then u.sed in the finishing pass; conse- 
quently the size of the leader must be so adjusted that the 
spreading in the finishing pass will produce accurately the re- 
quired dimensioTis of the finished angle. 


Angles with Unequal Legs 

These angles are rolled by the same methods as those used 
in the rolling of angles with equal legs. The following facts 
should, however, be mentioned: 

If an angle with unequal legs is placed at an angle of 45 
degrees to the roll axis, a side thrust is produced, and the rolls 
are cut rather deeply. The end thru.st very easily results in 
unequal thickne.ss of the two legs, and producers twist(‘d (cork- 
screw) angles, in spite of well set delivery guides. 



To overcome* (‘ud tlirust tlu* aiigh* can be* plac(*(l so that 
the clearance (split) lK‘tw(*en tlu* rolls is at tlu* sanu* distance* 
from the roll axis, S(‘(* Fug. 232. While this arrang(*nu*nt i)rac- 
tically eliminates (*nd thrust, it do(*s not (‘liininate roll spring. 
Assuming ecjual draft to be tak(*n on tlu* two h*gs, the force* be- 
tween the long leg and tlu* rolls would b(* gr(‘at(*r than that lu*- 
tween the short leg and rolls. (h'(*at<*r roll spring would tlu‘r(‘lor(‘ 
occur over the long leg than over tlu* short I(*g, with the n*su!t 
that the long leg would In* reduc(*d slightK’ less than tlu* short 
leg. This condition is objectionabh* only in tlu* Iat(‘r and colder 
passes. For that rc*ason the draft is made sinalh*!' for tlu* long 
leg tluin for tlu* short leg in tlu* last pass<‘s, whic'h nu*ans that it 
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must be made greater in the first passes. This distribution of 
draft is shown in Fig. 233, Plate II. 

In rolling angles with unequal legs,, it is possible to reduce 
the number of finishing passes required, by rolling angles of the 
same thickness, but of different lengths of legs (for instance 3 
inches X 2Vi? inches and 3 inches X 2 inches) in the same 
finishing pass. 

Square root angles are rolled in the same manner, but the 
radius at the root is made smaller, until a sharp corner is ob- 
tained in the finishing pass. Square root angles cannot be 
rolled by a semi-butterfly method. 

Z-Bars 

A section which, in former years, was very popular, but 
which is rolled rather seldom at the present time is the Z-bar. 





It consists of two angles joined together, with the outer flanges 
pointing in opposite directions. The method of rolling is very 
similar to the combined reducing and bending method for rolling 
angles, as illustrated by Fig. 223. A set of passes for a Z-bar is 
shown in Fig. 234. It will lx‘ noted that the final depth s of the 
Z-bar appears cnirly in tlu‘ formation of the bar and that the 
dinuuision in (juestion changes but little. 
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Channels 

Like a Z-bar, a chaimel also consists of two angles fastened 
together at their tips, but both outer branches point in the same 
direction. The rolling of channels might, for that reason, be ex- 
pected to have features similar to those of rolling angles. A 
channel can indeed be rolled like two angles side by side (see 
Fig. 235), but this method is seldom used, because it takes up 
altogether too much space along the rolls. 



log. 235 


As a rule, channels art^ rolled from S(|uar(‘ or r(‘ctangular 
billets or blooms. In the rolling of large clianiu^ls, part of the 
work of shaping is done in th(‘ blooming mill, whicli rolls “Ixnim 
blanks” in that case. 

In the process of tran.sforming a rectangular shape into 
a channel shape, s(wc‘ral ways ar(‘ o|)(‘n, <‘ach of which has its 
advantages and disadvantag(‘s. In otlu'r words, it is possible* 
to change from a re'ctangk* to a channt*! by passing succ(\ss“ 
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Fig. 236 
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ively through various intermediate shapes, the later being very 
dissimilar in the different methods. Figs. 286, 237 and 238 show 
three different methods. In each case, only a few of the passes 
are shown for the sake of simplicity, others having been omitted. 

The method illustrated by Fig. 236 is called the butterfly 





or nH'thocl. It corrc'spoiids to the butterfly method 

of rolling Rolling by this inc^thod iuvolvc's \'(uy little 

griiidiiig action ( dn(‘ to spc*cd difh'vcmcc'S l)(‘tw('’en the two rolls), 
l)(‘canse all of th(‘ li(‘av\' rednc-tion work is doin' by slabbing 
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before the bending begins. On the other hand, the channels, 
while still in the shape of flats, take up a lot of space in the 
direction of the roll axis. The lumps in the intermediate passes 
serve two purposes : first, they are needed to furnish the material 
for the outer corner in the bending process. But they are made 
much larger than is necessary for that purpose. The excess serves 
the purpose of protecting the flanges from tearing. From Vol. I, 
pages 88 to 90, it is known that wide sheet bars, skelp and plate, 
do not spread on account of the ribbonlike shape of the pro- 
jected contact area. In order to insure easy entering of the bar 
straight through, it is desirable to have each following pass a 





Fig. 238 


little wider than the preceding one. And to insure, not only 
filling under these conditions, but also some side pressure, it 
is necessary to compress more heavily n(»ar the edges than direct- 
ly in the center. And that condition is attained by the bumps 
or lumps, as shown. 

The method illustrated by Fig. 237 is called th(‘ beam 
roughing, or temporary fiang(* method. Th(‘ Ix^ain blank is 
started just like the* blank For an l-b(‘ain, bnt thf‘ teMuporary 
flange on one sid(‘ is reniovexl st(‘p by ste*p. This method ro- 
quires less length of roll per pass, hut it prc^cluces more* grinding 
action between the rolls and the bar than the method of Fig. 
236. The great inclination of the interior faces in tlu‘ early 
passes has a very good effect. The pressure of th(‘ rolls being 
inclined, as indicated by the arrows. Fig. 238, can.s(*s tlu^ mat(‘- 
rial in the web-to-be to not all go into length, but to flow volun- 
tarily into th(‘ side parts which are to form the flanges. (k>n- 
S(X|ii(mtly, tlH‘r(‘ exists no tearing action on tin* flang(‘S in those 
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early passes. In the later passes, the tearing action is avoided 
by pressing the temporary flange into the permanent flange. If 
too much of the temporary flange is removed in one pass, a fin 
is produced. It is, therefore, evident that, by careful design 
and adjustment of rolls, the flange can be protected, and that 
work can be done upon it. This is particularly noticeable from 
the study of passes A and B in Fig. 237. In both passes the 
flange is pushed down into the dead hole, so that its edges, C, 
can be subjected to strong pressure. 

The method illustrated in Fig. 239 is similar to the one in 
Fig. 236, except that the bending-up begins sooner. It requires 



less roll length, hut the grinding effect due to dift'erence of roll 
velocities is greater. The passes shown reveal the bumps which 
are necessary for the protection of the edges. The method shown 
in Fig. 239 is used for channels with deep flanges (ship chan- 
nels), which would cut the rolls too deeply, if rolled by the beam 
roughing method of Fig. 237. 

One pass from each of the three processes will now be 
analyzed, b\’ means of the method of making sections through 
rolls and bar, at right angles to the latter, ahead of the center 
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of the roll. From each process of rolling, that pass was selected 
which most clearly shows the peculiarities of each of the three 
l^rocesses. Fig. 240 illustrates that pass of the bencling-iip meth- 
od in which the greatest bending occurs. When entering the 
pass, the bar touches the rolls as indicated in section L It will 
be shown later on, that the bar is in contact with the rolls at 
section I at entrance only, and that no contact takes place in 
that section for the rest of the bar. The corner, C, of the upper 
roll gradually and steadily bends the flange around the rounded 
projection, AB, of the lower roll. The amount of bending is so 
great in the short distance I-III, that the bent flange at section 
III reacts and bends tlie flange in sections I and II more than 
the position of the upper roll would indicate. This backwardly 



extending influence of the (piick IxukI stops contact of tlie bar 
and roll at point C’ in these two S(*etions. Lik(^wis(‘, tl)(‘ bar has 
been rais(‘d by the bottom roll in sc'ction III, so that it is lifttal 
away from lh(‘ lowcn* roll in s(‘cti()i»s I and II. It is (|uit(‘ evi- 
dent that there is no contact l)(*tw(‘(‘n bar and roll in th(‘st‘ s<‘C' 
tions, as above indicat<*d. 

The amount of hcaidiiig in this one pass is \t‘r\‘ gnait, so 
grcait tliat cracking of tlm st(*el would oec'ur if all, or almost all, 
of tli(‘ bemding deformation vv(‘r(‘ eoncemtraleal at one* spe)t. The* 
latter possibility is pr(‘ve*nt(*d by the* ge‘ntl(* curxe* e)f the* oonwv, 
AB, of the* bottom roll. If (k*f()rmati()n we're* to !)e‘ C‘e)nee*ntrate‘d 
in one* spot, the* bar \ve)ii]d make* ce)ntact with the* l)e)ttom roll. 
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and would be bent as indicated in sections 1 and II; that is to 
say, with the point of greatest bending gradually progressing 
from the root of the flange towards its top. Up to and including 
section V, bending of the flanges and a slight bending of the web 
(caused by transmission of the bending moment) are the only 
deformations taking place in the bar. At section VI, compression 
begins at the corner. At the section marked X-X, compression 
of the web begins. It ends, of course, at section VII. Com- 
pression of the flange begins slightly ahead of section VI. On 
account of the inclination of the flange, compression of the latter 
must begin ahead of that of the web, if the same draft is to be 
obtained in both members. 

The reduction in the web is about 15 per cent, while that 
of the flange is about II per cent. The flange would therefore 
be shortened, and would not fill, if it were not for the excess 



Fig. 241 

material in the corner between the flange and web, which ex- 
cess materia] is shoved down into the flange, so that the latter 
just fills. 

No work is put on the edge of the flange in this pass. The 
necessary side work was obtained in the passes ahead of the 
OIK* just analyzed. 

Fig. 241 is a graphical analysis of a pass from the beam 
roughing method of rolling channels. The temporary flange 
]it‘s alt(*rnat(*ly in the live part and in the dead part of the pass, 
if the channel is rolled in a three-high mill. In order to fre(* 
tliems(*lves from th(* rolls, the Hang(\s must be inclined, which 
means that they must be bent “in and out” alternately. This 
fact sliows up v<*ry well in .S(*ctions I and II of Fig. 241, wlier(‘ 
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the main flange strikes at the bottom outer edge. The action 
in these sections is that of bending the flanges, and of allowing 
the main flange to slide into place. From section III, Fig. 241 
on, the flanges are compressed all the way over to section VII, 
while compression of the web takes place only between the 
limits of sections V to VII. This difference in duration of com- 
pression inti'odiices a peculiar movement of the material. From 
sections III to V, the flange only is compressed. The compres- 
sion cannot altogether go into elongation, because any elonga- 
tion of the flanges has to take the web along. Hence there must 
be some spreading. Material at the point marked A, can escape 
into the web and assist in its elongation. Material at point B 
cannot migrate into the web, so that space for its spreading must 
be provided. Note that the pass into which the flange enters 
is slightly wider at the bottom, allowing room for the spreading. 
This condition holds to section V only. From there on, the 
reduction (in per cent of initial section at V) is much greater 
in the web than it is in the flanges. The web tends to elongate 
more than the flanges and pulls the latter along. The material 
at A, which first migrated from the flange into the web, now re- 
turns to the flange. (Se^e also Vol. I, Fig. 111.) The revensed 
direction of flow mentioned here is the cause of the severe pit- 
ting which commonly occurs at the cornc‘rs of rolls around which 
such flow takes place. 

A rough calculation of the probable spreading between 
sections V and VII may be of interest. The elongation of th(‘ 
web alone (with spreading prevented) would b(‘ 32 ptT cent, 
while the elongation of the flange alone would b(‘ 8 per cent. 
But the ratio of the area of the web to that of th(‘ flang(\s is A^'i 
to 7. Hence, the resulting elongation is (0.32 / 4.5 j- .08 / 
7)/’11.5 — 17.4 per cent, unle.ss the .shapt‘ of the proj(‘cted con- 
tact area gives one of the two factors an undiu* prepond(*ranc(\ 
But if 17.4/32 of the ideal elongation of the w(‘b go<\s into real 
elongation, the oth(T 14.6 32 must go into f(*(‘(ling tlu' flang<‘s. 
The displaced are»a of the web is two scjuan^ inclu's, so that an 
area of (14.6 1 X 2) '(32 2) or 0.455 S(piare inch goes 

into each flange to make up the deficiency. This calls for a 
spreading of about 0.33 inch into (‘ach flange^. The shape of 
the projected contact area of the web (5^2 2^4) is that of a 
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rectangle of ratio of sides of 2:4. According to the reasoning 
given in Vol. I, approximately two~thirds of the displaced area 
would go into elongation, and one-third of that area would go 
into spreading, if there were no lateral restraint. Hence, V 2 X 
1/3 X 2 == 0.33 square inch would naturally go into each 
flange. The difference between 0.45 square inch and 0.3 square 
inch is not sufficiently great to cause any pulling-down of the 
flanges, but they do not quite fill in section VIL 

Considerations of the same character do not enter into Fig. 
242, which is an analysis of a pass from the combination or 
halfway method. Like the pass of Fig. 241, that of Fig. 242 is 



far enough away from the finishing pass to make side work on 
the edges desirable. 

Between sections I and II, there occurs only bending of the 
section coupled with local deformation at the tip of the flange; 
that latter is very similar to that discussed in connection with 
the rolling of sheet bars. The same is more or less true between 
sections II and III; that is to say, no elongation of any account 
occurs. From section IV on, compression and elongation begin. 
How^ever, there is no compression in the corner between flange 
and web until somewhere between sections V and VI. Just why 
the designer of the series of passes from which this example is 
taken provided less compression in the corner is not definitely 
known to the author. The following is, however, a plausible 
explanation: in the pass under discussion, the reduction in the 
flanges (38 per cent) is slightly greater than the reduction in the 
web (35 per cent). The excess compression in the flanges causes 
in them a tendency to spread. But the spreading is prevented, 
which m(‘ans that side' work is done*. In the pass(\s which follow. 
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the same ratio of reduction cannot be maintained: first, because 
the flanges would become too thin, and second, because the 
bent-up position of the flanges does not allow of heavy reduc- 
tions. Therefore, the extra material left in the corners in the 
present pass “comes in handy” in the finishing pass, and in those 
immediately ahead of that latter pass, as explained in connec- 
tion with Fig. 240. 

In Fig. 242, the pass is filled nicely. No fin is produced, 
in spite of the side work. This is largely due to the slope and 
chamfer at the edge of the flange. (See Vol. I, Fig. 97.) 

The method of rolling exemplified by Fig. 242 has the great 
advantage that side work is done on or against inclined surfaces 
which can be dressed, after wear has occurred. In the method 
of rolling, which is exemplified by Fig. 240 and by Fig. 236, that 
is not the case. 

Although the method shown in Fig. 239 offers several ad- 
vantages, the beam rolling method of Fig. 237 is today employed 
almost universally for standard channels, because it requires the 
smallest number of rolls, and because the first roughing passes 
are identical with those used for I-beams. In the rolling of large' 
channels, the same beam blank serves for channels and I-beams. 
The first roughing pass (cutting into a rectangular bilU't ) will h(‘ 
discussed under I-beams. 

A good set of passes using the roughing iK'am ( or t(‘n]ipo 
rary flange) method is shown in Fig. 243. The illustration is so 
complete that vt‘ry little comment is ne(‘ded. Th(‘ (‘fh*cts of th(‘ 
live pass and of the dead hole an' very noticeable'. Tlu* larg(‘ 
radii in the corners, to prev(*nt fins, are* also evide'ut. Iv\p(‘ri- 
enced roll designe'rs (‘inphasi/.e the* ne*ce‘ssity of the' shallow pro- 
je*ction (triangular corne'r) oppe)site* the* flange's in pass No. 8, 
which is the* le*ade*r, if a sejuan* back anel sharp e-orne'rs are* (le*- 
sire'd. 

It will he' ohse'i've'el that the* re'eluetions of W(‘l> and llange's 
are very ne'arly eepial in the* last two passe*s, from the* value's give'ii 
in Table XXIII. The* usual inte'ution is to reduce' the flange' slight- 
ly me)re' than the* we‘b, the're'by produe'ing a conelition of te'ii- 
sion in the* w(*h. Ih'e'aiise* the* flange's, l)e*ing ihie'ke'r than the* 
web, unde'rgo gre'ate*r eonlraction during cooling, the* stre'tch 
e'onelition of the* he)t we'h is r<'me)\<*el during (‘oolijig. 
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P/^SSes IZ,5,4;S,S, POUGHJfYG ROLLS, 
PPSSES 6,7,8j3j^A LN FJRfSHm ROLLS. 
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TABLE XXIH 


O J3 O 

*^.S i-S 



9 1.36 1.11 

8 1.52 1.23 

7 1.80 1.37 

3 2.60 1.62 

5 1) 3.26 2.30 

5 u 3.46 2.80 

4 5.50 3.52 

3 10.28 5.17 


Draft, Kecluction, 


s<i\iare 

incht's 

per 

cent 

w 


1; 


3 

y 

5 

X 

E 

K- 

E 


0.16 

0.12 

10.5 

9.8 

0.28 

0.14 

15.5 

10.2 

0.80 

0.25 

30.6 

15.4 

0.66 

0.68 

20.2 

29.6 

2.24 

1.22 

40.5 

34.5 

2.04 

0.72 

37.0 

20.4 

4.78 

1.65 

46.5 

32.0 



7.2 2.47 0.28 10.2 

12.5 2.75 0.42 13.3 

20.0 3.17 1.05 24.9 

28.5 4.22 1.34 24.2 

36.5 5.56 3.46 38.4 

18.2 6.26 2.76 30.6 

35.4 9.02 6.43 41.6 


The significance of these value.s should not be overesti- 
mated, for the reason tliat they are based upon a definitely as- 
sumed boundary between each Hang(' and the wfc‘b. Actually 
of course, the material in the fillet between web and flange is 
compelled to flow in both directions; and while a dividing line 
probably exists, its exact location in any one pass is very diffi- 
cult to d(‘tennin(‘, particnlarh' wh(Mi the fillet has a large* radius. 

a 

I 

Kig. 244 



Fig. 245 


All) calculations, such as thost* of dabh* XXII I, which in- 
\<)lv(‘ an arbitrarily assunHal l)()uu<lar\, sliould lx* aecorujianii'd 
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by a .statement of the assumption. The division in this case be- 
tween the flange and the web was made as shown in Fig. 244. 

For the sake of simplicity, some roll designers consider 
the web as being of uniform thickness across the entire width 
of the section, as shown in Fig. 245, while the remainder of the 
section is assumed to be the flange. If exactly proportional re- 
ductions are used in all parts of the section, the choice of dif- 
ferent boimdaiy conditions will not affect the proportionality; 
consequently the choice of boundary may then be a matter of 
convenience. 

As previously stated, channels with deep flanges are rolled 
by the method indicated in Fig. 239. To this statement may be 
added the fact that channels with parallel flanges and with 
square roots are rolled by the same method, see below. 

To avoid chilling of the web by water, channels should be 
rolled with the flanges down. To allow better riding on the 
table rollers, channels should be rolled with the flanges up. The 
latter method is preferred in the United States, probably be- 
cause the temporary flanges hold the water anyhow. 

In the finishing pass, the parting should lie at the end of 
the flanges, and not at the root (that is to say, at the web), for 
the sake of easy delivery. Furthermore, a sharp corner is re- 
(juired at the corner (which is not easily obtained at the part- 
ing), while a slight rounding, while not desirable, is permissible 
at the ends of the flanges. 

For easy delivery, the wedge angle of the pass is kept as 
great as feasible. It becomes smaller and smaller as the finish- 
i)ig pass is approached, as indicated in Fig. 246. Theoretically 
it should become zero (parallel walls) in the finishing pass. 
Howevx'r, it is often possible to use a slight inclination on the 
outside* walls in finishing pa.sses for channels, because the flanges 
draw togc'ther slightly while cooling. This is probably due to 
the fact tliat the fillets betw(*en flanges and web luive k‘ss radiat- 
ing surfae(*, in comparison to the thickness of the section, than 
any other part of lh(* channel; and that the fillets are eonseciuent- 
ly liotter wh(‘n finished and undergo greater contraction while 
cooling than the* rc'st of tin* s(‘etion. 



124 


Roll Pa.ss Design 


The angle or inclination at the inner edge of the flanges of 
standard channels, rails, I-beams was determined in conferences 
between structural engineers and steel rollers. The engineers 
prefer almost parallel flanges, while the roller prefers a wedge, 
for ease of rolling. The angles differ, and are not the same in 
the United States, England, and Germany, for instance. In the 
United States the sidewall inclination of standard channels is 
approximately 9 degrees, while in Germany this inclination is 
4 V 2 degrees. In Belgian practice the inclination varies from 
zero to 7.5 degrees. If the rolls are kept smooth and free from 




Fig. 246 


pitting, sinalk'r angli\s can 1h* us(‘d, but we must stick to th(' 
standard anglers for standard structural sha})(\s. For ()th(*r pur- 
poses we can iis(‘ paralh‘l flanges and S(jiiar(‘ roots. A S(‘t of 
passes for such a chann(‘l is shown in Fig. 247, which was 
adapteal from “Piron”," a Belgian author on Roll D(\sign. 


““Fraitt Praticnic dt* 'rracc ilcs ( s pour ( .'v lindrcs dc Laiiii- 
noirs”, i)ar Kinil(‘ Piron, Ntaisoii (PKditiiai dr Hoickc. Hue Hoyalc, 
Bruxelles. 



Rolling of Shapes 


125 


In channels, as in all structural shapes, different thicknesses 
are required for a given size of section. In channels such varia- 
tion can be obtained either by setting the rolls faither apart, or 
by using different leaders and finishing passes. As a rule, the 
former method is used. In that case, the reductions of flanges 
and of web are not proportional. For that reason, the method 
is limited to moderate changes of thickness. 

I-Beams 

I-beams are the most efficient and most important shape 
in the structural business, and at the same time, one of the most 





difficult shapes in rolling. In an attempt to overcome the diffi- 
culties, long experience has taught us what we can roll success- 
fully, and also what we cannot roll. The characteristic features 
of I-beams are the deep flanges on both sides of a thin web. These 
features prevent edging, and also prevent fiat rolling with final 
bending up by the butterfly method. The absolute (not relative) 
width of the beam, or length of flanges very largely decides thc^ 
method of rolling to be employed. 

The size of the beam, that is to say the depth of the web, 
also has an influence on the method of rolling as is explained 
below. 
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Methods of Rolling 

In the explanation of the various methods of rolling, a few 
characteristic passes are given for each method, with omission 
of intermediate passes. 

1. Flat rolling, called the beam roughing method, see Fig. 
248. It consists in cutting into the center top and bottom and 
gradually widening the cut. The web remains horizontal. 

2. Diagonal rolling, with a certain amount of slabbing ac- 
tion, see Fig. 249. The web is alternately tilted right side up 
and left side up. 

3. The “Slick” method, Fig. 250, in which the web is bent 
up and down alternately. 

4. The truly diagonal method, Fig. 251, in which a square 
on edge is transformed into a star and then bent into an I-shape. 

These four methods are carried out in either Iwo-high or 
thi*ee-high mills. 

5. Rolling in a universal beam mill, also known as the 
‘"Grey” method. See Fig. 252. 

As previously mentioned, the absolute width of the fiaui^es 
has a decisive influence upon the method to be selected. The 
flanges of standard I-beams in the United States have a taper of 
16.8 per cent. In Germany the inclination of flanges of standard 
I-beams is 14 per cent. On the basis of a flange thickness of 
5/16 inch at the tip of the flange, the thickness of a flange 4Vb 
inches long will be (5/16 fl-' 0.168 X 4V8) “ 1 inch; for a 
flange 10 inches long the thickness at the root would be 5/16 -f 
1.68 which eciiials about 2 inches. This thickness is so great 
compared to 5/16 inch at the tip and to an economical thick- 
ness of web that the beam becomes impossible. We can de- 
liver* a straight Ix^am of such dimensions to the cooling bed, but 
not from th(‘ cooling bed, because temperature' strains warp it. 
Tlu' thin parts cool first and are buckled later by th(' contrac- 
tion of the thick parts. 

Wide Hangt's re(|uirt‘ a small taper, which fact eliminates 
nu'tliods Nos. 1 and b Mt'thods Nos. 2 and 3 can be used with 
ilangt' tapeu'S as low as 5 per cent, and can even bc' iise'd with 
])arall(‘l flange's, but oiiK with diftienlty. 
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While wide flanged beams can be rolled by methods 2 and 
3, they are, in the United States, rolled exclusively by method 
No. 5 (universal mill), because of much lower cost per ton, 



Fig. 252 

and because of the ease with which flange weight can be varied 
without variation of thickness of web. Methods Nos. 2 and 3 
require a different set of rolls for each new thickness of flanges. 
Standard I-beams have a maximum flange width of 8 inches. 
They are commonly rolled by method No. 1, although works 
possessing a universal mill frequently roll standard beams in 
the universal mill and claim a substantial saving due to lower 
roll cost. 



When rolling wide Hanged beams in a universal mill, the 
width of the beam (length of flanges) is limited only by the 
size of the ingot (and th(‘ size of the mill). 

Method No. 1; (Flat rolling or beam roughing method). 
For small standard beams (up to about 8 inches) the rolling 
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starts with a rectangular billet or bloom, the depth of which is 
slightly more than twice the width of the beam, see Fig. 253. 
For beams which are very deep, compared to the width of the 
flanges, the ratio is greater than 2.25. For large I-beams, part 
of the cutting-in must be done in the blooming mill, which, in 
that case, rolls beam blanks. 

To prevent excessive pulling down of the flanges, the cut- 
ting-in must compress onl}' a small part of the section, as shown 
in Fig. 254. The reasons for the pulling down were explained 
in Vol. I, page 125. 

Cutting-in should be done in a closed pass for this reason: 
The heavily compressed center part cannot elongate, because 



the larger not coinprc'ssed sid(‘s prcv(‘nt (‘longalion. 'I’h(‘ par- 
ticles must, tlierefore, migrate from the cent(‘r to tiu' sid(‘s, tlien*- 
by causing bulging (in an op(‘n pass) or o\ei\ a fin. • 

Aft(‘r “cutting-in”, tin* reductions ar(‘ limit(*(l (‘ith(‘r l)y tla* 
diameter of tlu* mill (strcmgtli of rolls and roll spring), or by 
conditions at (MUranc(‘ of tlu* bar ii»to llu* pass. The* situation 
depicted in Fig. 255 must not occur. 

Siuc(‘ the flange* lying in the* d(‘ad hole* can lu* compr(‘ss(‘d 
but very little*, and tlu* flange* lying in the* live* pass is compre*sseci 
as much as possible*, strain is caus(*d in tlu* bar, due* to oru*- 
side‘d d(*f()rmation. Th(*S(* strains are*, how(*v<‘r, not cumulatix e*. 
but are* h(*ld within narrow bounds, b(*cause (‘aeh flange* lie*s 
alt(*rnately in a live* pass and in a de‘a(l hole*. 

For this r(*as()n, I-b(‘am.s arc particularK we‘11 suite*d to lu'ing 
r()lle*(l in thr(‘(‘-high mills anel are* rolle'd on such mills in the* 
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United States. In Europe they are frequently rolled in two- 
high reversing mills. In that case, the bar must either be turned 
over after each pass, or else be transferred to another stand in 
which live pass and dead hole are interchanged. 

Reductions become smaller towards the finishing pass, be- 
cause the smallness of the taper of the flange allows less and 
less side work to be done ( see Vol. I, pages 148-150) . The gradual 
decreas'e of the reduction works out well in conjunction with 
the fact that the bar becomes colder, because a heavy reduc- 



don of a cold bar would result in excessive roll wear. If the 
roll diauK'ter is rather small, more passes must be used, and the 
length of the bar must he reduced, to prevent excessive cooling. 

Towards the finishing end care must be taken that the re- 
duction (in per cent) of flanges and of web are very nearly 
alike. It is customary to reduce the flanges slightly more than 
the web for the purpose of putting compression into the flanges 
and tension into the web, particularly so if the average thickmess 
of tlu‘ flang(\s exc(‘(Hls that of the w('b. Thc‘ d<‘signer has vc'iy 
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little leeway in this respect. If he compresses the web too much, 
it tends to buckle, and the spreading jams the beam in the roll 
If he compresses the flanges too much, the flanges do not fill well 
(become wavy in outline), and the cross-tension of the web 
pinches the roll. In some mills, the web is left slightly thicker 
near the ends than in the center, for the purpose of preventing 
the beam from pinching against the rolls between the flanges. 

After these explanations, the study of a set of I-beam passes 
is appropriate. A good set is shown in Fig. 256, Plate III. AH 
dimensions, location of passes in rolls, and reductions are given, 
and need no comment. As in former drawings of passes, it is 
not expected to have the flanges fill the sharp corners of the live 
pass, except in the finishing pass. It must be repeated that' 
change of roll diameter, composition or tempe^rature of bar, 
roughness of rolls will require modifications of a set of passes 
which is very successful for one given set of conditions. In the 
leader and in the finishing pass the following reductions are 
used in flanges and web: 


Reduction, per tml 
Flanj^es Wvh 


Leader 

Firiishinj; j^ass 


11.1 HJl 

5.7 5.3 


The weight, cross section, section nuKlulus, arid moment 
of inertia of a standard I-beam are varied by pulling tliK* rolls 
apart. However, the change of roll adjustment for rolling I-lx'arns 
of different weight is a niak(‘shift in(‘thod, mad(* n(»cessary by 
economic reasons, and is limited to V(‘iy small variations in thick- 
ness, because thiekiu‘ss of th(‘ web grows faster as a n'sult of 
the adjustment, than tlie thickiu'ss of tlx* flang<‘. 

The compression relations iu tin* rolling of I-lK*ams ht‘comes 
clear from a section-by-st*ction analysis of oin* pass. Such an 
analysis is shown by Fig. 257. Tlx* fact that tlx* fiangt* is c‘Oin- 
})ress(*d ahead of tlx* \v(*b is (pu’tc aj)par(‘i»t. 

This dilh‘rc‘ncc in l(*ngth of tinx* of (‘ompression explains 
the offsetting of tlx* pitch line which is \ery iH>tic<*a!)le in Fig. 
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out well for the strength of the middle roll which wears more 
rapidly than the outer rolls and needs more redressing. Shift- 
ing the pitch line reduces the depth to which the middle roll is 
cut. 


Diagonal Rolling 

This method permits slal>bing action, and, in conse(|uence, 
heavier reductions and smaller flange tapers. On the other hand, 
the collars necessitate a lot of waste length along the rolls. The 
method is useful for small and medium-sized beams and, as 
previously stated, is used for wide flange beams if no universal 
mill is available. It cannot be used in the rolling of large beams, 
because the rolls would need to be too deeply cut; it must be 
remembered that large beams are rolled on comparatively small 
rolls. 

If standard beams are to be rolled on the diagonal the last 
few passes must not be diagonal but horizontal, to permit varia- 
tion of cross section by adjustment of center distance* between 
rolls. 

Fig. 258 ilhistrates diagonal roughing passes for a small I- 
beam, and Fig. 259, Plate IV, illu.strates diagonal pass(*s for an 
H-beam (which latter is an I-beam with wide* flanges). 

The illustrations contain all the* information and speak for 
themselves. 

Rolling mill plants without a univ(*rsal h<‘am mill ha\’(* 
used the m(‘thod of Fig. 259 for b(‘ams with liang(‘s up to 12 
inches wide. The* inclination “of tin* flang(\s must be very small 
(in other words: the flang(‘s must hav<‘ almost parall<‘l walls), 
if the beam is to stay straight on the cooling 1 h*(1. As pr(*viousIy 
mentioned, flang(‘s with almo.st paralh*! walls call for very clean 
and smooth rolls. 


Slick Method 

This m(‘thod allows jnst as heavy reduc-tions as tin* diagonal 
method, without tin* collar complications. It was, how(*v<*r, 
never adopt(*d to any (*xt<‘nt, and has l)<‘en al)an<lon<*<l not onK 
l)(‘causc of a patent monopoly, but also l)(*c‘ause the* m(*tho(l Inis 
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no advantages sufficient to compensate for the high roll cost 
which its use involved. 

The Truly Diagonal Method 

The truly diagonal method needs no comment, because 
Fig. 251 is quite clear. It is limited to the rolling of very small 
beams. 


Rolling in the Universal Mill 

This method concerns the roll designer to a limited extent 
only, because reductions of web and of flanges are independ- 
ently adjustable by the roller. All three arrangements shown in 
Fig. 260 have been used successfully. The rolls wear and pit 
heavily at the places marked A and B; at A because the metal 
flows around the corner; at B because spreading action forces 
the metal against this part of the vertical roll. 



The beam blank passe.s through a set of two rolls, with the 
following action: Going: (a) compression of web and of flanges; 
(b) work on edges of flanges. Return: compression of web and 
flanges. This cycle is repeated until the desired thicknesses 
have been obtained. 

Arrangement (1) of Fig. 260 has the highest roll cost, be- 
cause any wear beyond the tolerance means that the horizontal 
rolls must be discarded and can only be used for the next smaller 
size of beam. Arrangement (2) is better, but does not furnish 
a beam with parallel flanges. Arrangement (3) is the most 
advantageous. (3) may be used as a leader for (1), but (2) 
may not. 
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lAfihf -Weight I-Beatm (Thin Walls) 

If extra-light I-beams with thin walls are rolled, the pro- 
portions of Fig. 253 do not hold. In the 1-beain of Fig. 261, 
cutting-in and gradual widening of the cut causes so much 
pulling down oF the flanges that a bloom much deeper than 
2 V 4 times the flange width is required. The depth ratio may 
have to be 4 or even 6, depending upon the proportions of the 
beam, and the number of passes is correspondingly increased. 



Diagonal rolling with a substantial inclination of the Ikuuu 
to obtain quick reductions is impossible for d(*ep, light In^ams, 
because the rolls would b(‘ too deeply cut. 

In ord(‘r to ov(n*coine the difficulties caus<‘d by tlu* large 
number of pa.sses re((nir<‘d for the production of a de<'p thin 
b(*ain, Mr. Rendleman introduced the nn^thod of rolling Ixauns 
with a corrugated w(‘l) and with gradual stretching (by lat(‘ral 
tension and clir<‘ct compression ) of the w(*h. 

Fig. 262 cl(*aiiy indicat(‘s tlu* m(*thod. Hie ii(‘w f(*ature 
of this process consists in producing t\N’o c‘oinpl<‘t<‘ corrugations 
and in rapidh^ \vid(‘ning tlu* I)<‘am b\' straight(‘ning out tlu* 
corrugations, "rhis action is mad* possibh* not b\ direct com- 
pression, but rath(‘r by tlu* combination of direct e<)mj)ression 
and lateral pulling dm* to hori/ontal forc'cs against tlu* inside ol 
the flanges. 

A study of tlu* illustration rc’veals the fact that tlu* lat<‘ral 
|>ulling dm* to int(*rnal sid(*work against the llang(‘s has l)<*en 
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tension, because laps occur without that tension. Tests of 
beams which have l)een rolled by this method show higher 
values of tensile strength and elastic limit than are common 
in hot rolled mild steel. 


Tee Shapes 

Small T-sections up to inch x inch an* very com- 
monly (and 4 inch x 4 inch tees occasionally) rolled and used; 
whereas large T-sections are not favored by roll designers and 
are, in structural work, replaced by two angl<*s back to back. The* 
differences in size of T-sections make necessary tin* considera- 
tion of the following features: 

1. In small tees the thickness of the metal is great com- 
pared to the overall dimensions of the T, whereas in large T- 
sections the wall thickness is small comparc^d to th(* over-all 
dimensions. 

2. Small tees are rolled on comparatively large mills, which 
allow heavy reductions, while large tees are roll(*d on compara- 
tively small mills. 

3. Tee sections recpiirt* at least one pass in which the stt‘m 
extends straight into th<‘ roll, cutting the latt<*r de(*ply and 
weakening it. 

4. The deep stem offers difficulti(*s in b(*ing r(dt*as(*d from 
the roll. 


Small Tees 

Small and nu*diuin an* roll(*<l by t'uttTing a S(|uar(* on 
the diagonal into a bell pass, as shown by passes a and h of Fig. 
263. The bar from this pa.ss is eoinpr(‘SS(‘d witliout edging into 
a flat pass, as shown In* pass c of Fig. 26*3. This einl)ryo t<*(‘ is 
then edged, and the st(*in-to-bt‘ is givt»n consi(l(*ral)lt* draft, with 
comparatively small r<*duetion of tlu* tabh*. This uiu-cjual dis- 
tri!)ntion of draft cans<‘s tin* st(‘in to spr<*ad enonuousl) . It c'an 
not go iirto I(‘ngth b(*eans<* it is la/kl hack 1)\ tin* table. As a mat- 
ter oi fact, tlu* fable* se'ldoin fills f;b(‘ pic^s, but is crippled. I*’ig. 264 
shows tlu* .s(‘c‘tion iu ({Ut‘Stion Iief<U'e ent<‘ring and after the* pas- 



sdgv. The section outlines shown in this illustration were taken 
from tlu‘ cobble illustrated !)y Figs, 67 and 68 of Vol. 1. 

I'he edging pass illustrated by Fig. 264 is characteristic in 
the (luick rolling of icH^s, but is viewed with disfavor hv many 
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roll designers and rollers, and is avoidtxl by them. Because of 
the unequal reduction, the bar bears against the delivery guide 
with enormous force, and cobbles are fn^quent on the delivery 
side of the pass. The end of the bar also “fishtails*' badly, and 
is difficult to enter into the next pass. 



From the edging pass the bar (uiters i!jto th<‘ finishing pass. 
Hence, only four pass(‘s an* r<‘(|uired for small t(*es. \It*dium 
tees re<|uire fi\'e to (‘ight pa.ss<*s. In m<*dium si/.ed t(‘(*s, two 
passes are used for compre.ssing and hmgtlu^ning tlu* sUnn, If 
the .stern of the T is to be extra long, the cnlging pass is given the 
shape* of Fig. 265. The* .sub.seepient pass in the* same* dire*(’tion 
llatt<*ns and Ie*ngthe‘ns the* st(*m. 
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The characte^ristic passes for a 4 inch x 4 inch art' shown 
in Fig. 266 for the l^enefit of those who may wish to roll a fairly 
large T-section. Of interest is the amount of spreading in the 
bell pass and in the edging pass. It will be noted that the reduc- 
tion and spreading are more conservative than those of Fig. 264. 

F /4 inch X IV 4 inch tees are rolled on a 10 inch or 12 inch 

mill 

4 inch X 3 inch tees are rolled on a 16 incli or 18-inch mill. 

While the above dt'seribed rnethtKi is commonly nst'd, it 
is by no means universal. Fig. 267 shows a inethcxl (for 2 x 2 x 
3/16 or V4-inch tees) in which edging occurs after t*ach pa.ss. The 
method is very clear and needs no commtmt, with the po.s.sible 
exception of drawing attention to the different settings (indi- 
cated by dotted lines) of the mills for the two different thick- 
nesses. In those passes iii which the table lies flat Ix^ween the 
rolls, great care must be tak<ui to distri}>ut<* tlu* reduction 
properly between the table and stem. Th(» upsi'tting reduction 
of the stem tends to jam it in the groove while the reduction of 
the table tends to cripple th(‘ stem and ptill it out of the gr(K)ve. 
In these pa.sses no stops are us<*d on th<» edges of the* table*, so 
as to allow free spreading. 

The same reasoning appli(*s to the* fini.shing pass. Tin* stem 
is reduced 10 per c(*nt in l<*ngth, and a little* cl(*arance* is le*ft on 
the sides to pn*vent jamming. The* r<‘duction of thickne*ss of 
the table is about 30 p(*r c<*nt. The* actual r<*(hiction is l(*ss on 
account of the spreading. Since* the* e*l(mgati<)n of the* table* 
tends to be greater than that of the* .stem, the* latte*r is lifte*d out 
of the groove, but the* ta!)l<* t<*nds to hurry alN*ad, curving tin* 
bar downwardly. This e*lfe*ct can lx* partK' (‘onnte‘ra(‘t<*(l by 
placing the pitch line low. 

If no .stops are provide*d for the* table* in tlie* fini.shing pass, 
the width of the table* may vary with chang<*s of t<‘inp<*ratnre* 
in the bar. For veiy accurate work, a f<*w more* pas.se*.s are* 
added and stops are provid(*d for tlu* table*. In that case, tin* 
spreading in the finishing pa.ss must he* e|uit<‘ small { hctw<*(‘ii 
1/32 and 1 T6-inch). On account of the* small re-duction of the* 
table, the .stemi tends to stick, unle*ss the* following e‘\p<*di<*nt is 
used : 
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The table is compressed more heavily near the stem than 
at the edges. The elongation near the edges is 8 to 10 per cent, 
and n(‘ar tlv<‘ stem the reduction may be 40 per cent or even 
more. 

Fig. 268 shows a series of passes for tees of two different 
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sizes. The reductions in the last four passes are as shown in 
Table XXIII-A, page 148. 

It will be observed that the side of the table which lies in 
the dead hole of a given pass is not reduced in thickness in that 
pass. Each side of the table, of course, lies alternately in a dead 
hole and in a live pass; and because there are three such passes 
l)receding the finishing pass, the table entering the finishing 
pass is of unequal thickness on the two sides. Consequently, 
the reduction in the finishing pass is one-sided, which doubtless 
produces a tendency to curve the bar as it leaves the pass. It 
will be observed further that, in the finishing pass, the reduc- 
tion of the table is greater at the edges than near the stern. This 
is the previously mentioned condition which produces a tend- 
ency for the stem to stick in the groove. The groove in this cast' 
has been made wide enough to allow 7 to 10 per cent spread- 
ing of the stem before the grooves are filled, which is probabl)^ 
a sufficient allowance to oflFset the sticking tendency. Thest' 
passes undoubtedly produce satisfactory tees although they do 
not represent the best practice. 

A special type of tee .shapt* contains a bulb at the (‘ud of 
the stem. The method of rolling this section is similar to that 
of rolling other t<'es. Fig. 268 illustrat(*.s the method. 

It is (|iiit(* evident that the large sj)r('a(Iing of the edging 
pass. Fig. 264, cannot lx* used in this ease. The corr('Sponding 
pass of Fig. 268 is pass No. 2 into pass No. 3. The increase in 
width is only 6 per c<‘nt. The* compn'ssion of the tahl(‘ might 
well have' bt'en more. 

Th(‘ hull) is such a hindnine<* in rolling that 10 ptisses an* 
rt'(}uired. 

Th(‘ rolling of more c omplicat(‘(l T-S(‘c‘tioiis is (l<‘scril)(‘(l 
iiudc'r tlu' heading of sj)(‘eial s<*e(ions. 

7'f'r.v 

Large T-S(‘ctions, as previously nu*ntioiK*d, ar<‘ taboo; if 
their manufacture' is insiste*d upon, the'V ar<' rolle'd from a 
re'ctangh' which has twice* the' width of the t(‘(‘ and 1-2 3 
timers the' (I(‘plli of the* stem of the* t(‘(‘. 4’lie i(*etaiigl{‘ is en- 
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tered on the narrow side, that is to say, standing up as shown 
in the first pass of Fig. 269. The reduction on the right and 
left side of the rectangle is difl;erent. This difference of reduc- 
tion has the effect of curving the bar as it leaves the mill; 
that is to say it causes the bar to curve toward the side where 
there is the least reduction. The tendency to curve is partly 
counteracted by the rolls and by the delivery guide. On ac- 
count of the heavy pressure between the leaving bar and the 
delivery guide, the latter wears very rapidly and must he set 
up quite often. It is evident that the shape of the leaving 
section will be different from the shape of the pass; because 
the stretching on one side due to the guide will reduce the 
section on that side, and the compression on the other side 
will have a tendency to increase the section on that side. 
After a few, say four passes, the T-blank which has been pro- 
duced is edged and both the table and the stem are reduced. 
After two passes the tee is again edged and is then rolled like 
any other structural shape; that is to say, with the live pass 
first at one end of the table and then at the other, and with 
approximately the same reductions of the table and of the stem. 

Rolling, T -Sections on the Diagonal 

A method of rolling T-sections on the diagonal was de- 
scribed by Geuze on sheets 72 and 73 of his treatise of rolling 
iron and steel. It is reproduced herewith as Fig. 270. It will be 
noticed that alternately the table and the stem are ‘slabbed''. 
This method of rolling is mentioned here as curiosity, rather 
than as an example worthy of imitation. As a matter of fact, 
this method of rolling tee sections is very objectionable for 
the reason that straight delivery of the bar is almost impos- 
sible. Collars, or cobbles, accompany this method of rolling 
to such an extent that its use has been completely abandoned. 


Raik 

Rails are made of hard steel, and the railroad companies 
insist upon close tolerances. The characteristic feature of the 
rail is the combination of a heavy head, deep, thin web, and 
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\\ icl(‘ fool ( ). On account of the imitonn and strict 
.spt^cificiitions issiu'd hy the lar^e railroad coinpaiiics, the 
in(‘th()({s of rollincj liia\'(‘ hcauj wt'll standardi'/(‘d. Flu' inetiiod 
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in each countiy is quite uniform, although the methods vary 
from country to country. 


Methods of Rolling 

(1) The slah-and-edging method. This method is used 
almost exclusively in the United States. Fig. 271 illustrates 
this method. It will be seen that the forming of the foot is 
begun by a spreading action in the first few passes. After a 
90-degree turn, cutting-in occurs (in the same manner as foi- 
l-beams ) . 

The diflFerence in width of head and of flange (of the fin- 
ished rail) makes possible a characteristic edging (''dummy’') 
pass, in which the foot is widened by effective spreading. 
The spreading is effective, because the compressed area is 
small compared to the not-compressed area. From here on, 
the head and flange are worked away in the manner which is 
known from the previous study of channels and I-beams. For 
very heavy rails, a second edging or (lumm\’ pass is used for 
compressing the foot flanges. 

Due to the elfectivene.ss of this edging pass, the depth 
of the bloom can be less than twic(\ say 1.8 tinuNS, llu^ width 
of the foot. 

The finishing pass for rails is lik(‘wis(* \evy c‘haract<‘ristic. 
The pa.ss is split at oru* sich^ of th(‘ foot of th(‘ rail <in(l also in 
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Fig. 271 


the center of the head of the rail. In other words, the foot is 
finished like an I-beam, while the head is finished like a round 
bar, see Figs. 271 and 273b. 

Since tolerances are close, and rail material is hard, at 
least two finishing passes and tw^o leaders are pro\dded for 
ont' set of roughing passes. 
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Depending upon the size' of the rail, from niiu* to eleven 
passes are needed from bloom to finished section. 

The reductions in rolling a 125 pound (to the yard) rail 
are given in Table XXIV. Division of s<*ction into head, web, 
and base is, of courS(\ not possible in th(‘ (*arly pass(‘s. Th(‘ 
distribution of n^ductions in the* last })asses dilfers from that 
which is us(‘d for I-})eanis or chanrads. 

(2) Diagonal method: The* differential n‘duction hetwecni 
the head and flanges can also bc‘ obtained by inclining th(‘ 
sc'ction and using a partial sla!)bing action on th(‘ (lang(‘S. 
Fig. 272 illustrat(‘s the nndhod. 

The outstanding acKantage of the diagonal method lies 
in the ease with whicli worn rolls can Ix' r(‘stor(‘d to (*(>rr(‘et 
condition. The disadvantag(‘ e<jmmonly c'ited against this 
method li(\s in th(‘ room re(|uir(‘d by “diagonal plus eollai ’ 
along th(‘ roll axis. Howevan*, that inenaise of hmgth is so 
small as to 1 h‘ without practical inlluenc('. W'hile the diagonal 
metliod was originalK used for small rails onK , it is now used 
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for even the heaviest sections, provided the mill diameter is 
large enough. There is no “dummy’' pass in the truly diag- 
onal method. 

In France and Belgium, the first four passes are rolled on 
the diagonal. The rest is slab-and-edging. Figs. 273a and 
273b illustrate this combination. The reduction of the flanges 
in pass 5 is particularly noticeable. It results from the fact 
that the first four passes act as roughing passes for a number 
of rail sizes, w^hile passes 5 to 9 serve for a light-weight rail 
of the series. 

(3) Cutting-in and flange bending: This method, which is 
illustrated by Fig 274, is described here on account of its 
originality. It emphasizes the fact that a given section can be 
rolled in many different ways. The illustration was adapted 
from “Dehez, Walzenkalibrierungen”. Dehez states that this 
method of '-oiling can be used only on those mills into which 
the bloom eiaers slowly. 

This statement is probably correct, for several reasons. 
The blank entering pass No. 1 must have a tall rectangular 
section, which does not enter readily unless the speed is low 
or else the roll diameter is too great for the rest of the passes. 

Furthermore, a pass with sidewalls which taper only 
slightly consumes much power, because of the grinding fric- 
tion of tlK‘ side walls. It the rolling is done at very low speed, 
the compression rate, and the compressive resistance of th(' 
st(‘(‘l ar(‘ low. In consecjuence, the side pressure (which is a 
fraction of th(‘ direct pressure, see Vol. 1, page 153) is also 
small, wh(‘n‘by the power consumption by side friction is re- 
cluc<*cl. 1'he n'duction of side pr(\ssure saves the rolls, because 
too much sid<‘ pr<‘ssur(‘ pits them and because pits cause slivers 
on tlu‘ bar. Pitting is not permissible, because the specific 
cations of th(' railroads allow only first-quality rails to be ac- 
c(‘pt(‘d. 

Much of tlie ol)j<‘ction to this pass can b(‘ overcome by 
rolling the bloom through a preparatory pass such as is indi- 
cated in Fig. 274-a, for the purpose of having contact mainly 
at th(‘ bottom of pa.ss No. 1 of Fig. 274 with contact at the 
sides only wlu‘r(‘ necessary. This e^xtra pass reduces the fric- 
tion materially and lengthens the life of the rolls. 
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11k‘ first two |)ass(*s form the foot Hangcs. The third and 
all following passes consist of cutting-in and gradual working 
awa\' of th(* rnat(‘rial towards tlu‘ flanges and the head. This 


m. s. m. 7 m 9 . 

Fig. 273- B ' 
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part of the deformation offers nothing new compared to the 
previously treated rolling of channels or I-beams. 

Characteristic Pass of the Slab-and-Edging Method 

Fig. 275 is a section-by-section analysis of an edging pass, 
in which the rail blank enters into the dummy pass. Compres- 
sion of the whole section must be very moderate, to prevent 
buckling of the web. The spreading of the flange is consider- 
able. Even greater spreading of the foot flanges can be ob- 
tained, if desired. In the present case the spreading is kept 
low because the series of passes for this rail section includes 
two such dummy passes. The illustration is so completely 
marked that no further comment is necessary. 

Cooling of Rails 

The very thick head of the rail stays very hot, the thick 
junction between foot and web stays hot, while the web be- 
comes comparatively cold. The tendency towards warping on 
the hot bed is, therefore, quite great, depending upon the 
proportions of the rail. For rails with a thin web it is cus- 
tomary to use more reduction at the two ends of the web than 
in the center (in the finishing pass) and to reduce the web 
less than the foot or the head. The purpose is, evidently, to 
put the web in tension and thus to counteract (at least partly) 
the effects of non-uniform contraction on the hot bed. 

As mentioned in Vol. 1, page 131, it is imnossible to 
counteract wholly the uneven contraction, which means that 
the rail will assume a curvature when cold, unless curved in 
th<* opposite direction when hot. The latter curvature is put 
into tlu‘ rails by a cambering machine consisting of three' 
vertical rolls which virtually are a continuous gagging press. 
Straight(‘ning without cambering rolls can be done by man- 
ipulation OTi fh(‘ hot bed, but that method requires skill and 
labor. 

Grooved Rails 

(h-oov('d rails art' us('d for street railways and were, in 
lornuu" y(‘ars, rolh'd in larg(‘ t juantiti('s. On account ol tlu' 
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motor bus replacing the street car^ the.:. busiuess is r now; limited 
to replacing a limited amount of worn out rails. 

However, grooved rails, as rolled in the United States, 
have two characteristic passes which merit description. 

Grooved rails are rolled exactly like ordinary rails by the 
slab and edging method, as x'epresented by Fig. 271. Usually 
there are two dummy passes. The difference occurs in the 
finishing stand which is shown in Fig. 276, together with the 
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top of the rail after leaving the leader pass and the finishing 
pass. These passes are characteristic, because disk shaped rolls 
with vertical axes are used for rolling the groove into the 
head of the rail. The disk at the extreme left, between the 
roll necks (not shown) cuts into the head of the preleader 
pass, while the disk in the gap near the center of the rolls 
rounds the groove in the leader. 

The disk rolls are a difficult and troublesome piece of 
nxachinery. If the l)earings are made of sufficient size to pre- 
vent excessive wear, the main rolls are weakened too much. 
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In consequence, a compromise is necessary. Synthetic fiber 
bearings with water cooling have been successfully used for 
the journals of the disks. 

Cutting into the head of the rail produces quite a reduc- 
tion of cross section. It is taken care of partly by spreading 
(filling of corners) but mainly by elongation. This means 
that, in the preleader pass, the bar and the web must be 
given enough reduction, to almost equal the reduction given 
to the head by the formation of the groove. There must also 
be reduction in the leader pass. The finishing pass has the 
usual reduction. On account of the groove being in the head, 
reduction in the finishing pass can be obtained by sidework 
only (horizontal compression). 

Rerolling of Rails 

Worn-out rails either are rolled into smaller rails (for 
industrial railways) or are slit or else go back to the open 
hearth furnace. The commonly used method of rerolling rails 
is shown in Figs. 277 and 278. A glance at the illustrations 
shows that, in these rolls, the diagonal method of rolling is 
used. 

The problem is to reduce various sizes and variously worn 
rails into good rails of smaller size, in the smallest number 
of 1 ‘olls. The roll shown in Fig. 277 is an excellent roughing 
roll for that purpose. Fig. 278, Plate V, is the finishing roll. 

The action of the rolls upon the rail cannot be followed by 
looking at the passes. To make it clear, Fig. 279, Plate VI, was 
drawn, which is a section-by-section analysis of a rail being 
reduced in size. It is quite evident that a buckling or bending 
action of the web must take place in the pass. The illustra- 
tion deserves careful study, because it reveals the many force 
actions and local deformations that go on in one pass. 

Irregular and Coniplicated Shapes 

Shapes other than those heretofore described are com- 
monly known as special shapes, although the line between 
regular shapes and special shapes cannot be sharply drawn. 
vSome of the shapes ar(‘ so nearly regular that they offer littl(‘ 
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or no difficulty to the roll designer, while others strain his 
ingenuity to the utmost. 

The principles which underlie the rolling of any of these 
shapes were explained in Vol. I. At this time, applications 
are to be discussed with comment upon the methods of rolling. 

Most special shapes are small in cross section, and serve 
for agricultural machinery, window sash, typewriters, auto- 
mobiles. Nevertheless, larger sections are also encountered, 
such as tie plates, rail joints, and other railway equipment, 
and sheet piling (piling beams). 

Fig. 280 illustrates a tie plate with one center rib, and 
Fig. 281 a tie plate with two center ribs. The method of 
rolling these sections is so much like that of an ordinary 
channel that very little comment is needed. Attention may, 
however, be called to the great depth (4 inches) of the enter- 
ing section shown in Fig. 280, compared to that of the finished 
section (less than 1 inch). It is clear from these dimensions 
that a considerable amount of pulling down of the flanges 
and ribs of the section occurs in these passes. It should be 
mentioned that the center rib of this section can receive no 
sidework, slabbing action, or direct compression. The bar is 
turned completely over (through 180 degrees) between passes 
3 and 4. In Fig. 281, the seven passes shown correspond 
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approximately to the first seven passes of the series illustrated 
by Fig. 280, and are followed, as in the latter series, by a 
leader and by a finishing pass. Measurements of the passes 
of Fig. 281 show that the area of the bar is reduced about 20 
per cent in each of the first two passes, and about 30 per cent 
in each of the five following passes, and that the inclination 
of the inner wall of the flange is practically constant in the 
last four passes. The statement made above with regard to 
the center rib of Fig. 280 applies with equal force to the inner 
ribs of Fig. 281. In other words, they lie always in the dead 
hole. However, the inside walls of all of the flanges of Fig. 
281 have a much greater inclination than those of standard 
channels. In consequence, hea\^ reductions are permissible 
in all passes. Fig. 282 illustrates the rolling of a tie plate of 
a more modern design. In Fig. 282, the depression in the 
bottom of pass 1 is probably intended to be used for ragging. 
It would probably have been equally eflFective to design the 
sidewalls of the pass with greater inclination, which would 
also have made redressing less costly. The tendency to make 
the uneven reductions in the early passes and to have propor- 
tional reductions in the last passes is quite evident in these 
three illustrations. The use of a ‘"temporaiy flange”, similar 
to that used in the beam-roughing method of rolling channels, 
is also illustrated in this series of passes. It will be observed 
that protection of the edges of the section in these passes, as 
in most passes for the rolling of special shapes, is accomplished 
by the suppression of lateral spreading. 

Fig. 283, Plate VII, illustrates the passes for a rail joint 
(splice bar). It must not be imagined that the first few passes 
are completely filled. In particular, the comer of the upper 
hump of the first pass might well be rounded more generously. 
The illustration is somewhat idealized. The passes are shown 
as if they were all located between two rolls only, while, in 
reality, they are arranged alternately between bottom and 
middle rolls and middle and top rolls. The same statement 
holds true for the second pass of the second roll. The top 
pass is identical with the bottom pass, but is, of course, re- 
versed; which fact avoids the necessity of turning the bar 
over. The arrangement of passes in the mill may be taken 
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Fig. 284 



from Fig. 284. Again, the quick approach to the final form in 
the first few pa.sses, and the use of proportional reductions 
near th(» fiiii.shing end are very noticeable. The finishing pass 
for this rail joint lies in a separate stand of rolls; it is illus- 
trated by Fig. 285. It will be noted by inspection of the left 
hand portion of the illustration that the cross-section along 
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the bar is not constant, but variable. On account of that fact, 
the finishing pass does 'periodic rolling” or “deformed rolling” 
or -'die rolling”, with very small reduction in spots and great 
reduction in other parts. In consequence, the finishing pass 
wears rapidly, which fact accounts for the use of two finishers 
and two leaders. • 



An extremely instructive set of passes is offered in Fig. 
286 , which illustrates tlu* passes For an arch piling section. 
Notable' is th<' (‘normously large* contact angle, when the bloom 
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enters the first pass. With the information given (13 inch x 
13^2 inch bloom, 36 y 2 inches pitch diameter), the biting angle 
is 47 degrees at the top. If the bloom centers itself at en- 
trance, the angle is reduced a few degrees. In any event, it 
calls for ragging and for slow biting, and probably also for 
a good speed of the table rollers. The first three passes lie in 
a two-high mill. It is questionable whether the bite is slow 
enough with a steam engine drive. A motor is better. 

The flanges in the first three passes do not fill. In a case 
like the present one, the reductions of the flanges and of the 
web must be watched. If the reduction of the web is too 
great (in comparison to the flange), the flanges are crippled. 
If the reduction of the flange is too great, an overfill may 
result. The depth of the corrugations in the roughing roll is 
very pronounced. Their purpose is identical with that of the 
corrugations in Fig. 262, namely to roll a wide, very thin 
section from a comparatively small bloom, by pulling the cor- 
rugations apart in the leader and finishing pass. After the 
third pass, the bar is turned over. The edges of the flanges 
receive no compression (protection) until the sixth pass. Good 
steel must, therefore, be used. 

The forming of the horns in pass No. 7 is of interest. 
The inclined sections of the web (marked A in pass No. 7) 
pull the corrugations of pass No. 6 apart and push the vertical 
horns apart, bending them outwardly. 

Since the depending flanges lie in the dead hole in passes 
6 , 7, 8 , and 9, they become shorter all the time, which means 
that in roll design, starting from pass 9, they must be made 
longer in the order of passes 9, 8 , 7, 6 , being longest in No. 6 . 

The bending action in pass No. 10, forming the claw by 
bending of the depending flange and of the horn is clearly 
shown. 

A set of passes of this sort requires unusual skill in roll 
design, and is seldom free from surprises in the rolling of the 
first bar. As a I'ule, slight changes are necessary, before suc- 
cess is attained. 

Tire sections for automobiles and trucks are among the 
comparatively simple special shapes. Fig. 287 is a series of 



Rolling of Shapes 


73 







174 


Roll Pass Design 


templets for a rim section. Although the rim section has prac- 
tically uniform thickness, it cannot be bent from a flat strip, 
because the corners would not be sharp enough. Reductions 
are nonuniform in the first pass, and rapidly become more 
uniform towards the finishing pass. 

The section presents no novel or intricate features, and 
is offered here solely for the reason that there is great demand 
for a section of this type. 

Many sections are required by customers to have sharp, 
right angled corners, either because the bars are to be cold 
drawn with right angles (in which case departure from the 
right angle would quickly wear the drawing dies out of true) 
or else because the bars are to be used without any additional 
finish, with the possible exception of buffing. For such sec- 
tions it is advisable that they be finished in a position inclined 
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to the -pitch line, for the. purpose of securing a well-filled 
section coupled with easy delivery of the bar from the rolls. 
The section shown in fig. 288 (which was adapted from the 
before-mentioned book by Piron) is a good example for such 
a requirement. 

The radius r at the bottom of the edging pass 5 must be 
so selected that a reasonably sharp corner is obtained at j^oint 
A, pass No. 6. 
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The amount of spreading determines whether an under- 
fill or a fin will be fonned at the upper right hand corner of 
pass 6, and this amount depends upon the material being 
rolled, the smoothness of the rolls, and the temperature dis- 
tribution in the bar. The amount of spreading must be deter- 
mined in each case so as to suit the individual conditions of 
that case. As previously .stated, the careful roll designer will 
make the radius at the bottom of pass No. 5 too large, and 
will reduce it if the finishing pass is not properly filled. For 
safe delivery, the boundaries of the edging (leader) pass No. 5 
cannot be parallel and rectangular. The angle of inclination 
is given in the illustration. It goes without saying that the 
final distribution of metal is approached as much as possible 
in the first two 

In order to prove the statement that a given section can 
be rolled in different ways, the rolling of the double angle or 
'"crazy tee” is illustrated by Figs. 289 and 290. 

The following features of the passes in Fig. 289 are re- 
vealed by a study of the illustration: The first four passes 
are conventional roughing passes for tees, and pass 5 is the 
first of the series which departs from convention. In pass 5, 
the stem lies in a dead hole, and can therefore be reduced only 
by upsetting. The table, however, is compressed very heavily, 
particularly on the right hand side, and is also bent by the 
shape of the pass. The unequal reduction, together with the 
fact that the stem is too large to be pulled along by th(^ reduc- 
tion of the table, naturally results in a great deal of spreading. 
Pass 5 has been so designed that the material of the table 
cannot spread toward the right. Consequently, the combined 
bending and spreading toward the left from the flange which 
is to project upwards from the table, and convert the section 
into a form which is very similar to the desired final form. 
Except for the formation of the depression on the under side 
of the table in pass 6, proportional reductions are used to as 
great an extent as possible in the remaining passes. The fact 
that the bar is edged before entering passes 3, 6, 7, and S, 
indicates that the designer of these passes did his ])est to 
obtain edging passes for the purpose* of prote^eting the edgus 
and o])taining dir(‘ct slabbing action. 



P.L. 


176 


Roll Pass Design 



177 



■r w N 








j78 


Roll Fas.s Desif^ti 


As previously stated, the finished section of Fig. 290 is 
practical identical with that of Fig. 289, but it is rolled in 
fewer passes. Several breakdown passes have been omitted, 
and a diamond pass has been called pass No. 1. It enters into 
the well known bell pass No. 2 which is so much used in 
rolling T-sections, and which is probably not filled at the sides. 
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The truly bold pass is No. 2 into No. 3. The bar can enter in 
an inclined position only, and very careful guide setting is re- 
quired. From No. 3 on, the rest is easy. 

As an example for the rolling of a strongly unsymmetrical 
section Fig. 291 is offered, which was made from the templets. 
Preparatory passes needed to arrive at the correct size of 
square were omitted. 

These passes show that templets must be studied critic- 
ally. If the rectangle, pass 2 is to be rolled from the square 
pass 1, on the ilat, the spreading would not be sufficient to fill 
the rectangle, unless very large and rough rolls were used. 
The square would not enter on the diagonal, but the rectangle 
may lie diagonally in the rolls, in which case the square can 
enter diagonally and will almost fill. Even if it does fill, pass 
No. 3 would not fill, because the entering wedge is too blunt. 
From pass 4 on, the section fills much better. Again, the 
quick approach to the final section in the early passes, and 
the use of proportional reductions toward the finishing passes 
is quite evident. 



The passes in Fig. 291 have doubtless been used, but they 
can be improved upon, by entering the rectangle inclined, as 
indicated in Fig. 292 and then rolling on the diagonal, inclin- 
ing the pass alternately right and left, and finally bending 
the left hand flange into correct position. This requires seven 
passes. 
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DIE ROLLING 

Deformed Rolling, Periodic Rolling, 

Geared Rolling 

As soon as the shape of at least one of the grooves (or 
sides) of a pass changes along the circumference of the roll, 
we speak of the process as die rolling, which term originated 
from the practice of inserting a die (with the special shape) 
into the roll. The term “deformed rolling” indicates that the 
shape of the cross section of the bar is not constant, while the 
term “periodic rolling” indicates that the shape of the bar 
varies recurrently or periodically. The term “geared rolling” 
means that top and bottom roll must turn together and pass 
through equal angles at all times, so that the two profiles or 
matrices match properly. As a rule, a micrometer adjustment 
must be provided for the purpose of adjusting the relative 
rotational positions of the top and bottom rolls. 

A very common, but mild, form of die rolling is the brand- 
ing of structural shapes, rails, etc. The rolling of floorplates 
and of concrete bars is die rolling, and so is the rolling of 
ornamental iron work. In practically all of these cases, there 
is no necessity for maintaining an exact length between the 
corresponding or recurrent points of two successive revolu- 
tions of the rolls. 

Certain difficulties arise if periodic sections with widely 
differing cross sections (in the same piece) are to be rolled 
and if exact “center to center” distance must be maintained. 
This feature forms the most interesting part of die rolling. 

All die rolling is limited to one pass, viz., the finishing 
pass, because it is impossible so to enter a previously die- 
rolled bar that it matches the depression in the rolls. An 
exception is formed by the so-called “gap mills”, in which the 
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forming part extends over about 50 per cent of the circum- 
ference, while the rest of the roll circumference is idle, and 
is reduced in diameter. The blank to be rolled is fed into the 
forming part and is drawn back again from the idle part. 
Rolling in the gap mill is not continuous, but is a step by step 
swaging action. On accpunt of the intermittent action, the 
speed of a gap mill must necessarily be low. 

Foiward slip, or the extrusion effect, is of importance in 
all die rolling. If, for instance, the letters for branding are too 
deep (that is to say, if the reduction in the finishing pass is 
too great) the letters are wiped over and become indistinct, 
because they are held by the rolls while the bar slips forward. 
In consequence, the letters are made, as a rule, only 1/32-inch 
high. They could be higher if the finished section were 
thicker, because it is the relative and not the absolute re- 
duction that counts. 

For this reason, the projections of floorplates, of concrete 
bars, or waffling of tieplates can be deeper than the branding 
on the thin web of structural material. Furthermore, forward 
slip is very much affected by the temperature of the bar and 
becomes almost zero if the bar is very hot. Since thick sec!- 
tions finish hotter, they can be provided with a deeper pattern. 
If the section is thick and hot, the pattern may easily be V^-inch 
deep, particularly if the contour of the pattern is roinided. 

Letters for branding are almost always made with amply 
rounded edges. Letters which are sharply outlined in tlu‘ roll 
usually produce very indistinct brand.s, even though the letters 
may be very shallow. 

Die rolling with considerable differenc(' of cross sc^ction 
in the same bar brings with it the following difficulties: 

If the pass is open, the strongly reduced sections eith(‘r 
produce a fin, or if the fin is avoided the slightly reduced or 
only deformed sections produce an underfill. Rolling with a 
fin is indeed done, in which case the fin or “flash” is late r 
trimmed off. Since this trimming means an extra operation, 
die rolled parts were, for many years, so designed that tlu^ 
whole deformed bar could be rolled from a given leader witli- 
ont overfill. Fig. 293 illustrates the meaning of this statcanent. 
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The oval leader is deformed into a round section and into a 
flat, which forms a silo strap or gasoline tank strap, with round 
ends for bolts. The same leader serves for both. Another very 
characteristic bar was the wagon spoke which was round at 



one end, and oval at the other, as shown in Fig. 294. The 
leader is a very fiat oval, which makes both the oval at one 
end and the round at the other end, as well as the interme- 
diate sections. 





Fig. 294 


Much ingenuity was spent in conferences between cus- 
tomers and roll designers in order to produce bars that could 
be rolled in open passes without fins. If that was not possible. 
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closed passes were often employed, for instance in the rolling 
of horse shoe blanks, or of tieplates. Fig. 295 illustrates this 
method of tongue and groove rolling. If the tongue and groove 
are deep and fit closely enough, no fin is formed. Evidently 
this method is limited to rectangular or nearly rectangular 
sections. 

One of the best examples for bars that cannot be die rolled 
without a fin is a circular bar with vaiying diameter. Such a 
bar is diagrammatically shown in Fig. 296. The leader is so 
proportioned that it just fills the largest diameter, and pro- 
duces a fin or overfill, or rib, for all other sections. The greater 
the ratio of diameters, the wider the fin, the greater the shear 



Fig. 296 


loss, the greater the roll spring, and the wear of the rolls. 
Reductions of 80 per cent (neglecting the fin) in one pass (the 
finishing pass) are on record with a roll-pass life never exceed- 
ing six hours. The trimming reduces the yield and calls for 
location of the mill near an open hearth plant. 

In connection with maintaining the exact length of the 
periodic bar, several important problems arise. The effective 
radius, active radius, ideal radius (see Vol. I, page 121) is of 
paramount importance in die rolling. It varies in magnitude 
with the reduction, the temperature of the bar, the temperature 
of the roll, the smoothness of the roll, and with the shape of 
the projected contact area. If the bar is rolled with a fin, the 
projected contact area of that fin must be taken into account. 
Since the fin is usually formed rather late in the pass (that is 
to say, near the line of roll centers) the grip of the rolls is 
hardest near that place and forward slip is small. 
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For obtaining correct center-to-center distance of corre- 
sponding points in the bar, the roller has the choice of several 
adjustments. 

1. Increasing the size of the leader increases reduction and 
forward slip. The bar is lengthened. 

2. Reduction of temperature of the entering bar increases 
forward slip and thereby lengthens the bar. The expedient 
of reducing the temperature of bar must be used for small 
adjustments only, because the resistance of steel to compres- 
sion grows enormously as the temperature falls; steel of low 
temperature wears the pass very quickly. In mill parlance, 
“Cold steel burns out the pass’". (In passes with a wide fin, 
this adjustment has little effect, see preceding page.) 

3. Variation of rolling speed. At low velocities, speed- 
ing up lengthens the bar, the same as it does in ordinary par- 
allel rolling (see Vol. I, page 92). At high velocities speeding 
up shortens the bar, because the rolls skid on the steel during 
those periods when the bar is accelerated into the rolls, the 
acceleration being due to change of cross section. This method 
of length control is very unreliable and uncertain; it should 
be avoided. 

4. Variation of quantity of water on the rolls. Dry rolls 
cause very short bars, because the rolls skid on the steel. This 
method of length control is dangerous, because dry rolls wear 
smooth (but do wear) and crack later on. 

All of these adjustments work within very narrow limits 
only, particular!)' if the bar is rolled with a wide fin. The 
comparatively small effect of the adjustments can be judged 
from Fig. 297 and Table XXV, which contain information on 
the rolling of tapered bars of circular cross section. 


TABLE XXV (refers to Fig. 297) 


Average 

temperature, 

degrees, F. Sj>eed, r.p.m. 

A 

Average length, inches 

B C 

D 

1773 53 

24/4 

7-3/32 

17-27/32 

4-7/8 

1483 51 

2-9/32 

7-1/8 

17-7/8 

4-27/32 

1481 37 

2-9/32 

7-1/8 

17-7/8 

4-7/8 


111 tlK‘ rolling of this bar, the Forward slip (based upon 
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the outer edge or perimeter of the rolls) is 7.52 per cent at 
1773 degrees, and 7.50 at 1483 degrees Fahr. It might be 
expected from information given in Vol. I, page 118, that the 
forward slip should be much greater at the low temperature. 
With bars which are rolled without a flash or fin, that expec- 
tation is fulfilled, but in the present case the wide fin over- 
powers by its action the whole rest of the bar. The fin is the 
hottest part of the bar, due to the great compression work 
which is receives. If the bar enters at low temperature, the fin 



offers more resistance, and more work is converted into heat, 
with the result that the fin has practically the same tennpera- 
ture in either case. The difference between 7.52 per c(‘nt and 
/.50 per cent can easily be due to errors in measnreuK'nt. 

In laying out matrices for die rolling several precautions 
must be observed, the principal ones of which follow: 

1. On account of the very rapid wear of the die rolls, 
frequent redressing is necessary. Each redressing shortens the* 
circumference of the roll, and also the distance between cona- 
spending or recurrent points of the bar. The periodic bar be- 
comes shorter after each redressing. For som(‘ articles, such 
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as concrete bars or floorplates, the shortening is of no conse- 
quence; for others it is important, and for still others it cannot 
be permitted. To the former class belong railroad tieplates, 
Fig. 298, and wire clamps, Fig. 299. Certain railroad tieplates 
have a slight belly, as indicated in Fig. 298 (which shows only 
the important feature). After each redressing of the roll, the 
tieplate becomes shorter. Since there is no objection to fur- 



Fig. 298 


nishing them somewhat longer than required, they are made 
too long when the roll is new, and are made within the toler- 
ances for short length when the roll is scrapped. 

The same reasoning applies to the wire clamp, Fig. 299, 
with the additional condition that it will not do to put a very 
short top clamp on a very long bottom clamp. In this case, 



change of leader size and change of temperature are used to 
help out. 

For complicated profiles with rigid requirements as to 
length, waste metal (called The gate’) is allowed between 
successive blanks. Each redressing encroaches upon the length 
of the gate; the rolls are scrapped when the gate has been used 
up. Use of this method presupposes that the profile permits 
lengthening. A profile which does not permit lengthening is 
shown in Fig. 300. The contour after redressing is shown in 
dotted lines. Evidently the shaded portions would have to be 
filled in, and the hard roll material does not permit filling in. 
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11. In laying out a matrix containing small (shallow) 
and large (deep) cavities, the length '"a” (see Fig. 301) of the 
small cavity is purposely made slightly too great. After a few 
trial bars have been rolled, the length corresponding to “a"’ 
on the finished bar is measured. If any corrections are neces- 



sary, they can readily be made by reducing the length, V’, 
whereas the opposite process is out of the question. 

III. In the rolling of taper parts, the position of the neu- 
tral point differs from that which it has for parallel rolling. 

To explain this statement, Figs. 302 and 303 were drawn. 
The difference between parallel rolling, 'rolling on'' and 



“rolling ofF’ is shown by Table XXVI, in which tlu^ values 
represent lengths in the direction of rolling. 

TABLE XXVI 


Parallel 

Matrix Product 


Kolling on 
Matrix Prod\ict 


KolliiiK off 
Matrix Product 


4.6120 4.844 

5.03 per cent 
lengthening 


7.283 7.130 

2.11 cent 

shortening 


16.9J8 17.855 

5.69 per cent 
lengthening 


These data refer to Fig. 297. The “parallei” division corre- 
sponds to .section D of the bar shown in Fig. 297, the “rolling 
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on” division corresponds to section B, and the ^rolling off” 
division corresponds to section C. 

Strictly speaking, the hot lengths of the product should 
have been compared to the warm lengths of the matrix, but 


% 



the cold lengths were more easily measured. Since the shrink- 
age in cooling is about 1.7 per cent, the actual shortening in 
“rolling on” is only 0.4 per cent, which is negligible, but the 
difference in effect between rolling on and rolling off is very 
marked. 



Roll de\siguers must take care of this difference, and must 
lay out the matrix for a new profile in such a manner that 
metal can be dug out of the groove after the rolling of a few 
trial bars, for the purpose of producing correct lengths later 
on. A certain amount of cutting and trying cannot be dis- 
pensed with. 
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IV. Roll spring varies suddenly (within one revolution 
of the roll), on account of variation of reduction and variation 
of projected contact area. Roll spring must be allowed for in 
the depth of the groove, as shown in Fig. 297 by the dimen- 
sions of sections EE and FF. It is approximately calculated 
by the methods explained on pages 42-48 of Vol. I; on the basis 
of these calculations the groove is made slightly too shallow 
and is then brought to correct dimensions after a few trial 
bars have been rolled. 

In order to make die-rolling profitable, there must be a 
very large market for the product; otherwise, drop forging is 
more economical. 



CHAPTER VI 

ROLLING MILL TORQUE 
Power Requirements of Rolling Mills 

Roll train resistance, by which is meant the resistance 
offered by the mill to torsion, is of importance in determining, 
the torsional strength of rolls, wobblers, couplings, spindles, 
gear drives, and in determining the capacity of the driving 
engine or motor which is required for rolling a given section 
on a given mill. When a new, rather large section is to be 
rolled, the roll designer is faced with the problem of investi- 
gating the strength of the above mentioned transmission parts 
and of deciding whether the engine or motor which drives a 
given mill can supply enough power to roll the new section on 
that mill. When this problem arises, it is presumed that the 
strength of the rolls against bending has already been investi- 
gated. 

For existing mills, the following procedure is recommended: 
A section, similar to the proposed, doubtful one, but well within 
the capacity of the mill is rolled. If the mill is engine driven, in- 
dicator cards are taken. If the mill is motor driven, wattmeter 
readings are taken. By making due allowances for the mechan- 
ical efficiency of the engine or for the efficiency of the motor, 
engineers can compute the torque (or twisting moment) delivered 
by the engine or motor, because: 

Torque (foot pounds) — 

33,000 X Horsepower 5255 X Horsepower 

6.28 X Re\'()liitions/Miniite Revolutions/Miimte 
44,236 X Kilowatts 7043 X Kilowatts 

6.28 X Revolutions/Minute Rcvoliitions/Minute 

also Torque { inch pounds) = 

63,060 X Horsepower 84,5 1 6 X Kilowatts 

R(n'olution.s/Minute Revolutions/Miinitt' 


191 



192 


Roll Pass Design 


If only the power of the engine or motor is questioned, 
the torque need not necessarily be computed, because we can 
judge directly whether the driving unit has enough power for 
the larger section, by a method indicated below. 

If the torsional strength of rolls, gears, shafts, spindles, 
couplings, or wobblers is in question, the torque must be com- 
puted for rolling the trial section as above indicated, and must 
be recomputed for rolling the new section, as explained in the 
next few paragraphs. 

From Vol. I, pages 10-17, it is known that th(; resultant 
force in single stand mills acts at right angles to the direction 
of rolling, and also that the resultant force depends upon the 
projected contact area, the material of the bar, its temperature, 
the friction between bar and rolls, and the compression rate. 

Before this force P can be used for computation of the 
resisting torque, its lever arm r, must be known. The theo- 
retical determination of r (Fig. 304) meets with difficulties, 
and so does its experimental determination. 

For the practical roll designer, the following reasoning, 
which is based upon similitude of machinery, offers a way out. 
Similar sections have similar projected contact areas, and it 
stands to reason that the ratio of lever arm r to distance a (Fig. 
304) from center line to '"mass-center” of projected contact area 
will be the same for similar sections. Hence, if the new section 
has n times the linear dimensions of the old one, the new pro- 
jected contact area will be n- times the old one, and the new 
lever arm will be n times the old one. On the basis that the unit 
pressure for similar sections will be the same, we find that th(‘ 
torque (which equals pressure times projected contact area 
times lever arm) is proportional to This means that tht^ t()r(jiu‘ 
for a section which is 1.2 times as large as the old section, will 1)(‘ 
1.2 X 1.2 X 1.2 — 1.73 times as great, if we use the same per- 
centage of reduction. 

This method is based on the assumption that other condi- 
tions (such as composition of material of bar, temperature, 
lubrication) are to be the same for the old section and for the 
new section. If they are not, the result of the test nnist be 
modified, by using the information contained in N'ol. I. 
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After the new tongue has been computed, investigation of 
the strength of the power transmitting parts, with the exception 
of wobblers or specially designed couplings, follows the routine 
methods of applied mechanics. Calculation of the strength of 
specially designed couplings is not accomplished by routine 
methods. When such calculation is necessary it should be done 
by the engineering department rather than by the roll designer. 
The strength of wobblers and wobble necks (Fig. 305) is quite 
difficult to calculate' accurately, and in this case an approxima- 
tion is considered satisfactory. The irregular, or notched, out- 
line is considered as though it were a circle having the same 
area as shown in Fig. 305. On the basis of this assumption, the 
strength c‘an l)e calculated from familiar formulas. 
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If it is out of the question to roll a similar section, or to 
go back to records of similar sections, a more general method 
must be followed, and the following reasoning is useful: Since 
the separating force is one of the factors of torque (which latter 
equals force X lever arm), it must be determined. But separat- 
ing force equals projected contact area times average pressure. 
The projected contact area is found by construction, as explained 



on pages 102-104 of Vol. I. The average pressure (if steel is 
rolled) can be taken from the charts on pages 13 and 15 of Vol. 
I. For some of the other metals, data are given in the Appendix. 
In the selection of the average pressure, temperature and com- 
position of the bar are not the only variables of importance; the 
increase of pressure due to friction between bar and rolls must 
also be considered. On pages 84-86 of Vol. I, proof is given that 
friction increases the force required for rolling. Collar friction, 
flange friction, length of contact increase the pressure. 

Although the average pressure may be arrived at with a 
fair degree of accuracy, it is not definitely known, how the pres- 
sure is distributed over the projected contact area. If the pres- 
sure between rolls and bar were uniform, the resultant force 
would necessarily pass through the ‘‘center of gravity'' or “mass 
center" of the projected contact area. But many forces are at 
work that shift the resultant away from that point. Some forces 
increase the acting lever of the resultant, while others decrease 
it. The forces are: 
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1. Friction (a) between cylindrical roll and bar. 

(b) collar friction. 

(c) effect of varying friction. 

2. Change of resistance due to varying compression rate. 

3. Change of resistance due to \'arying temperature of bar. 

4. Adhesion between bar and rolls. 

For cold rolling, two important force effects are caused by 

5. Flow hardening of bar material. 

6. Defoimation of roll. 

Friction between a cylindrical roll and the flat bar, strip, or 
sheet not only increases pressure, but also moves the resultant 
somewhat closer to the line between roll centers than the posi- 
tion it would occupy if no friction existed. In other words: 
Friction increases the force, but reduces its lever arm slightly 
(as compared to no friction). The reason for this action can 
be understood from a study of pages 84 to 86 of Vol. 1. 

Collar friction, taken by itself, produces a couple which 
increases the lever ann of the separating force, for this reason: 
Near the outer edge of the collar the rolls travel faster than the 



bar, which means that the bar holds the roll back. Near the root 
of the collar, the bar travels faster than the roll and pulls the 
roll along. The two forces are indicated by arrows (1) (2) in 
Fig. 306. It is readily observed that the couple (1) (2) acts 
opposite to tlie rotation of the rolls. Since it does not increase 
the separating force, the lever arm of that force must be in- 
creased. 

If both collar friction and cylindrical friction act simultane- 
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ously, or if the pass has inclined sides, the analysis becomes 
more complicated. 

In hot rolling, the coefficient of friction varies. Water on 
the rolls flashes into steam between roll and bar, and acts as 
a lubricant. The steam escapes in all directions, if it can. With 
slow rolling, and a long contact, it escapes laterally, leaving the 
last part of the contact without lubrication. This action re- 
duces the lever arm (as will become clear from a continuation 
of the reasoning on pages 85, 86, Vol. I). 

Friction effects are of comparatively small importance for 
very thick sections, and grow in importance as the section be- 
comes thinner and thinner in comparison to the roll diameter. 

Variation of compression rate increases the lever arm, be- 
cause at entrance compression is more rapid than at delivery. 
However, the effect is usually small and is overshadowed by 
other effects. 

Change of temperature of bar has a very variable effect, 
depending upon thickness of bar and speed of rolling. With 
thin bars and slow speed, the temperature of the bar drops, the 
material of the bar hardens, and the lever arm becomes smaller. 
With fast rolling, and especially with thick bars, the tempera- 
ture of the bar rises, the latter becomes softer, and the lever arm 
becomes greater than the lever arm of a resultant passing 
through the mass center of the projected contact area. 

Adhesion of the bar (occurring in the rolling of some alloys ) 
increases the lever arm, at the same time reducing the pressure. 
For that reason, its effect is seldom of consequence for th(‘ 
power requirement. 

In cold rolling, flow hardening reduces the lever arm, and 
so does the elastic deformation (flattening) of the rolls, because* 
it causes contact to extend beyond the center line (between roll 
centers ) . 

The effect of all these variables is that the lev'er arm of 
the resultant is frequently as much as 10 per cent greater than 
the radius to the mass center, and is also frequently as much as 
10 per cent smaller than that radius. Deviations greater than 10 
per cent are rather rare and occur only under unusual condi- 
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tions. The upshot is that great care must be exercised iii esti- 
mating the lever arm of the resultant force and that all possible 
influences must be taken into consideration. 

The problem really requires more information than is at 
the disposal of the average roll designer. More than that, it re- 
qumes information which few engineers possess. Its solution 
calls for the combined efforts of a committee of mill men and 
engineers. 

But even if the lever arm and the resisting forces have been 
determined correctly, a great uncertainty arises in determining 
the correct value of roll neck friction, at least in the commonly 
used sliding bearing. In ordinary operation of the mill, the co- 
efficient of friction (ratio of tangential to normal force) in the 



roll necks cannot be determined. It has been attempted to 
measure the friction of roll necks by pressing the rolls against 
each other with a known force and by measuring the friction 
work. The results of such tests have been misleading, because 
the forces take the short circuit through the ends of the rolls 
(see Fig. 307), whereas, in actual rolling the rolls deflect as 
shown in an exaggerated manner in Fig. 308. The difference be- 
tween the two roll shapes is vital. In Fig. 307 the roll necks 
rest in their bearings over their whole lengths, whereas in Fig. 
308 they ride on the corners, as shown in the right hand bottom 
corner. (So-called self-adjusting bearings are usually not self- 
adjusting). The oil is then squeezed out from the corner of the 
bearing near the roll, and solid friction, having a coefficient of 
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30 per cent or even higher, occurs; whereas with the arrange- 
ment: of Fig. 307, the coefficient of friction may be as low as 3 
per cent and probably has an average value of 7 per cent. 

The condition shown in Fig. 308 can be approximated by 
rolling a cold hard bar through the mill, without reduction, in 
such a manner that the roll and housing spring produce a known, 
measured force. Such a test is possible only if instruments are 
available for measuring the separating force. 



After the coefficient of friction of the roll necks or the 
friction torque (of the roll necks) has been determined, the 
latter must be added to the above computed torcjue which is 
necessary to compress the bar (and to overcome friction be- 
tween the bar and the rolls). Friction torque equals the prod- 
uct: Compression force (P) times coefficient of friction (M) 
times radius of roll neck (R). If the roll neck radius is large 
compared to the roll radius (as in sheet mills) the torque for 
overcoming neck friction may easily be twice or thrice the value 
of the torque required for compressing the bar. It is mainly this 
great variability of roll neck friction that makes comparisons 
between mills so difficult; unless the mills are of thc^ same de- 
sign, and unless they roll similar products. 

When the roll necks are equipped with i-oller or ball hear- 
ings, or with high grade flood-oil bearings, tlie* coefficient of 
friction for a given set of conditions is more nearly uiiifonn 
than when sliding bearings are used. It does, h()wc‘ver, vary to 
some extent with the magnitude of the load to which th(‘ hear- 
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ing is subjected, with the temperature of the bearing, and. with 
the concentration of pressure due to deflection of .the roll. In 
comparing the coefficient of friction of ball or roller bearings 
with those of sliding bearings, caution must be observed, be- 
cause the former is usually expressed as a lever arm/ To illus- 
trate this statement, Fig. 309 was drawn. The downward force 
P represents the normal or radial load on the roll neck. For slid- 



ing bearings which have a coefficient of friction M, the tangen- 
tial friction force is MF, and the friction torque is MPR. For 
antifriction bearings, the coefficient of friction is usually ex- 
pressed as the length of lever arm b, so that the friction torque 
is equal to Ph. When the coefficient is expressed in this way, it 
mu.st, of course, be stated in inches or in some o!:her unit of 
length. For purposes of comparison, the following relation 
sliould be observed: The coefficient expressed as a lever arm 
is equal to the ratio (tangential force --f- normil force) multi- 
plied by the radius of the roll neck. The coefficient of friction 
of roller or ball neck bearings may be as low as 0.()007-inch and 
sometimes rise as high as 0.10-inch. The ratio of tangential 
force to normal force in antifriction bearings (including high- 
grade flood-oil bearings) varies commonly from 0.001 to 0.02, 
and probably has an average value of 0.005. 

As previously stated, the torque reciuired to overcome roll 
neck friction must be added to the torciue required to compress 
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the bar (and to overcome friction between th(‘ bar and the 
rolls). Hence the total torque at the roll necks, per roll 

= separating force, i)ounds X (lever arm, inches + MH), 

where M is the coefficient of neck friction, and R is the neck 
radius. Then the horsepower required to drive each roll 


force, pounds X 27r X r.p.m. 

== — X ( lever arm, inches 

12 X 33,000 

Instead of using the term 'lever arm + Mfi” in this equation, 
it is usually more convenient to introduce the roll neck friction 
factor k such that the (net power required for rolling, exclud- 
ing roll neck friction ) X is equal to the total power delivered 
to the rolls. Then the total horsepower delivered to both rolls 


force, pounds X lever ami, inches X 47r X r.p.m. 


and 

from which 


12 X 33,000 

k X lever ami = lever arm -j- MK, 
MR 


Xk 


fc = l-f- 


lever ami 


From this last relation it is apparent that the neck friction 
factor k increases as the lever arm of the separating force de- 
creases. For instance, if the value of M in a given case in whicii 
plain bearings are used is 0.07, if R is 8 inches, and the length 
of the lever arm is 1.30 inches. 


.07X8 

k = l-h =1.43. 

1.30 

This means that the total power delivered to the rolls is t^qiial to 
1.43 X (the net power requirement, excluding roll neck friction); 

or, in other words, that about 30 per cent of the total power 
delivered to the roll is consumed in overcoming roll neck fric- 
tion. If the same mill is then used for rolling thinner material, 
so that the length of lever arm = 0.70 inches, the value of k in 
that case becomes 

.07X8 

1+ =1.80. 


0.70 
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Jn that case, the power required to overcome roll neck friction 
would be 0.80/1.80, or about 42 per cent of the total power de- 
livered to the rolls. 

To demonstrate the general method of calculating the power 
requirements for rolling and for overcoming roll neck friction, 
two examples are given in Table XXVII and Table XXVIII. 
The values in the first table refer to the rolling of strip; in which 
case the shape of the projected contact area is, of course, rec- 
tangular, and the distance from the line of roll centers to the 
‘‘mass center’' is one-half of the projected length of contact. In 
cases such as this, it is unnecessary to calculate the distance to 
the mass center; it is more convenient to estimate the ratio 
“length of lever arm -f- projected contact length," and to calcu- 
late the length of lever arm on that basis. As may be easily de- 
duced from the previous discussion, the value of the above 
ratio varies from 0.35 to 0,70 in extreme cases. The estimated 
value of this ratio and the estimated length of lever arm are 
shown in Columns 24 and 25 of Table XXVII. Column 27 gives 
the values of the estimated factor for roll neck friction, which 
apply in this case to antifriction neck bearings. The calculated 
values of hoi'sepower, as given in Column 28, do not include 
the power lost in pinions, reducing gears, and motor or engine. 
Tliese losses must be calculated from the efficiency of the vari- 
ous parts, and must then be added to the values as given in 
Column 28, in order to determine the total power requirement 
of the motor or engine. 

In Columns 14 to 20 of Table XXVII are shown the calcu- 
lated changes in temperature which the bar undergoes during 
rolling. These calculations were made by means of the formulae 
which were given on pages 51-55 of VoL I, and which are evalu- 
ated in this case as follows: 

1. Temperature' drop due to contact 

0.75 X 2.24 ( Ts — Tr ) X v tiiiu* of contact, .seconds 
X total area of contact, s(iiiare feet 

weiglit of bar, pounds 

0.75 X 2.24 ( 7’.s— 200 ) X V' time of contact, .secoiafs, 

X 2 X 30 inches X average length, feet 


4280 X 12 



Calculation o£ forces, temperatures, and power requirements during the rolling of 3" X 30" X 14' slabs to 1/16" X 30" strips 

Weight of slab — 4280 pounds 
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i Continued on opposite page) 




TABLE XXVn 

(Continued from opposite page) 
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='Heat Losses in these passes insufficient to absorb latent heat at rccalescence, hence temperature remains at about 1350 “F. 
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( Ta — 200 X V time of contact, seconds X average length, feet. 

™ 510 

(for Table XXVII only) 

The coefficient 0.75 indicates that the insulating layer of 
steam between the bar and the rolls transmits only 75 per cent 
of the heat which would be lost through metallic contact. This 
value of the coefficient, and the roll temperature of 200 degrees, 
were chosen by comparison with actual operating conditions 
in the hot rolling of strip. 

2. Temperature gain due to compression 

average length, feet X lever arm, inches X force, pounds 
X 1.286X10-^' 

= 2X 

roll radius, inches X 0.17 X weight, pounds 

average length, feet X lever arm, inches X force, iDoiinds 

284 X lO’* X roll radius, inche.s 

(for Table XXVII only) 

(The figure 1.286 X 10 is the heat equivalent of mechanical 
energy, or 1/778). 

3. Temperature drop due to radiation 

/T. + 460\. 

0.11 X (radiating area, square feet) ^ I ) 

X ( time of radiation, hours ) 100 / 


0.17 X weight, i^ounds 


0.11 X (radiating area, square feet) ^ ( 
X ( time of radiation, secc:)nds ) ^ ' 

'7’„ + 4e()Y 

V 100 / 

0.17 X 3600 X 4280 


(radiating area, .sciuare feet) ^ ( 
X (time of radiation, seconds) ^ > 

'7’- + 460 Y 

V 100 / 


28.8 X 10'= 

(for Table XXVII only) 

The coefficient 0.11 is called the radiation coefficient, unci 
its value depends upon the condition of the siuface of the bar. 
The value 0.11 applies to smooth, moderately polished surfaces, 
and was chosen in this case by comparison with operating con- 
ditions. The temperature drop of the bar between th(‘ fnrnac(‘ 
and the scale-breaker, however, was calculated with a coeffi- 
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cient of 0.14, becau.se the scaled surface of the slab radiates heat 
more rapidly (unless the layer of scale is thick and loosely at- 
tached to the steel). * 

As an example. Pass No. 5 of Table XXVII will be hgured 
through. The width, in this mill, is kept practically constant by 
edging rolls. Leaving length (Column 4) 

30 inches X 3 inches 

— 14 feet X = 175 feet. 

30 inches X 0.24 inches 

Draft (Column 5) 

= 0.375 inches— 0.240 inches = 0.135-incli. 

Reduction (Column 6) 

0.375 X 30—0.240 X 30 

= X 100 per cent = 36.0 per cent 

0.375 X 30 

Projected contact length (Column 8) 

■= V 6.00*— ( 6.00—% X 0.lW)“=0.898-inch. 

Projected contact area (Column 10) 

= 0.898 X 30 inches = 26.94 or 27 square inches. 

Angle of contact (Column 11) 
y().S98 

= sin ( - =8.6 degrees. 

\ 6.00 

Bar speed delivered (Column 13) 

6.00 

= X X .52 r.p.m. = 163.5 feet/minute, 

12 

on the assumption that this is the same as the peripheral speed 
of the roll. From figures for the preceding passes, the temper- 
ature of the* bar entering Pass No. 5 is found to be 1642 de- 
grees F. Average length of bar in this pass 

1124-175 

= =143 feet. 


Time of contact (Column 15) 

8.6 degrees X 60 

- = ().0276-see<)n(l. 

360 degrees X 52 r.p.in. 
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Temperature drop due to contact (Column 16) from page 203 

( 1642 degrees — 200 degrees) X V 0,0276 X 143 

— — = 67.0 degrees F. 

510 


Befoi*e the temperature gain due to compression (Column 
17) can be figured, it is necessary to find the resisting force 
and the lever arm. The rate of compression ( Column 21 ) 


0.135 inches 


= 13.1. 


0.375 inches initial thickness X 0.0276 seconds 


From Fig. 7 of Vol. I, the resisting pressure at 1642 degrees F. 
and 13.1 compression rate is 27,000 pounds per square inch. 
This applies only when friction of the bar on the rolls is small, 
however. In the present case, the contact length is three times 
as great as the average thickness of the bar in the pass, and 
a correction must be made. 


Referring to Fig. 309-A, the peak of the “pressure-hill” is 
first found. If x is the distance from the peak to the centerline 
of the rolls, then, from Vol. I, Fig. 55, 

(contact length — ) X friction coefficient — draft = 

X X friction coefficient. 


^ Contact Length 
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Fig. 3()9.A 
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Taking 0.30 as a fair average value for this coefficient, the equa- 
tion becomes • 

(OmS-^-x) X0.30-— 0.135 = 0.30x 

from which, x is found to be 0.337-inch. The maximum hori- 
zontal force, V 2 H per unit width (referring to Vol, I, page 86 
and Fig. 55) is 


r / 0.337 N 

' 0.135 1 

0.30 X 0.337 +( 


\ 0.898 / 

' 2 _ 


and the horizontal stress is this force divided by half the aver- 
age thickness of the bar in the pass, or 

0.1107S 

=0.72S. 

0.153 

The vertical stress is equal to the sum of the ^horizontal and 
vertical stresses, or the maximum vertical stress is S + 0.72 S. 
But at the ends of the contact area, the vertical stress is not in- 
creased by pressure, and the average resisting pressure ( Column 
22) then is approximately 

$ + 0.72 + 8 

=1.36S 

2 

or 1.36 X 27,000 = 36,700 pounds per square inch. The total 
separating force (Column 23) is 36,700 X 27.0 square inches 
= 993,000 pounds. 

In estimating the lever arm ratio (Columns 24) it is to be 
considered that the rolls are cylindrical and the contact area 
rectangular; that the rate of compression is quite high; and 
that the center of pressure on the basis of the above calculated 
value of X is almost exactly at the center of the contact length. 
Hence, from the reasoning of pages 194-196, this ratio should 
be 0.50, and the lever arm (Column 25) = 0.50 X 0.898 — 
0.449-inch. 

Returning to Column 17, the temperature gain due to com- 
pression, from page 204 is 

143 feet average length X 0.449 inch lever aim 
X 993,000 pounds, force 

= 37.3 degrees F. 

284,000 X 6.00 inches roll radius 
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and the temperature leaving the rolls (Column 18) -- 1642 | 

37 67 = 1612 degrees F. 

Radiating area 


2 X ( 0.24-inch thick -f 30 inches vvidtli ) 
X 175 feet length 


12 


= 880 square feet. 


Temperature drop by radiation, page 204, between passes Nos. 
5 and 6 (Column 20), 


880 square feet X 3.9 seconds X 


( 


1612 + 460 
100 


23,800,000 


= 26.7 


degrees F. 


TABLK XXVIU 

Calculation of forces, temperatures, and power requirements during 
the rolling of 9''x8"x8' blooms to 2V^" x 2%" billets. 

Weight of filoom — 17'60 lbs. Speed of Mill — 83.5 R.P.M. 
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1 

8.0 

8.0 

8.5 

60.6 

4.2 

6.5 

1.00 

7.53 

21.60 

2.70 

21.1 

1.08 

329 

2 

7.0 

8.13 

9.7 

53.5 

7.1 

11.7 

1.00 

7.78 

11.1 

2.74 

20.7 

I.IO 

340 

3 

7.0 

7.0 

11.2 

46.2 

7.3 

13.7 

1.13 

8.03 

20.7 

2.96 

21.1 

1.18 

350 

4 

6.0 

7.13 

13.1 

39.6 

6.6 

14.3 

1.00 

8.28 

20.1 

2.84 

20.1 

1.14 

361 

5 

6.0 

6.13 

14.8 

35.0 

4.6 

11.6 

1.13 

8.53 

18.6 

3.06 

21.1 

1.22 

372 

6 

5.0 

6.31 

17.9 

29.0 

6.0 

17.1 

1.00 

8.78 

18.0 

2.92 

19.5 

1.17 

.383 

7 

5.0 

5.13 

21.3 

24.3 

4.7 

16.2 

1.31 

8.97 

17.0 

3.36 

22,0 

1,34 

392 

8 

4.0 

5.38 

26.4 

19.64 

4.66 

19.2 

1.13 

9.31 

16.6 

3.20 

20.0 

1,28 

407 

9 

4,38 

4.31 

27.6 

18.75 

.89 

4.5 

1.00 

9.06 

12.4 

2.98 

19.2 

1.19 

396 

10“* 

4.81 

5.5 

33.8« 15.81 

2.94 

15.7 

0.94 

8.91 

10.6 

3.18 

20.9 

,1.27 

433 

11 

4.44 

4.94 

38.7 

13.40 

2.41 

15.2 

1,06 

9.03 

9.15 

3.05 

19.8 

1.22 

436 

12 

4.0 

4.75 

48.1 

10.77 

2.63 

19.5 

0,94 

9.31 

8.20 

2.73 

17.1 

1 .09 

450 

13 

3.63 

4.19 

57.5 

9.02 

1.75 

16.2 

1.12 

9.44 

8.32 

3.21 

19.9 

1.29 

458 

14 

3.25 

3.88 

71.3 

7,28 

1.74 

19.3 

0.94 

9.69 

7.16 

2.98 

17.9 

1.19 

460 

15 

3.25 

3.50 

73.3 

7.08 

0.20 

2.7 

0.63 

9.63 

5.20 

2.44 

14.7 

0.98 

459 


« Note: Passes 10 to 15, inclusive, are diamond pa.sses, arid the diineiisioiis of 
die section given in columns 2 and .2 are diagonal dimensions. 


( Contitined on oppomto pago) 
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TABLE XXVm 

(Continued from opposite page) 
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2064 

.0421 

4.0 

2.0 

2062 

6.7 

6.2 

1.54 

9.1 

194 

1.10 

1.19 

19.3 

1.43 

880 

1 

2056 

,0413 

4.4 

2.5 

2054 

6.7 

6.7 

2.83 

10.0 

221 

1.04 

1.14 

21.1 

1.43 

961 

2 

2047 

.0421 

4.4 

3.0 

2045 

6.9 

7.3 

3.25 

10.8 

224 

1.02 

1.20 

22.4 

1.41 

1007 

3 

2038 

.0401 

5.0 

3.3 

2036 

7.2 

8.2 

3.56 

11.2 

225 

1.02 

1.17 

22.0 

1.44 

1008 

4 

2028 

.0421 

5.1 

3.5 

2024 

7.6 

9.0 

2.76 

10.5 

195 

1.05 

1.28 

20.8 

1.42 

940 

5 

2015 

.0389 

5.8 

4.1 

2013 

7.8 

10.1 

4.40 

12.3 

221 

1.01 

1.18 

21.7 

1.44 

998 

6 

2003 

.0439 

6.0 

5.3 

2003 

28.1 

38.0 

3.69 

12.1 

206 

1.02 

1.37 

23.6 

1.40 

1055 

7 

1965 

.0400 

7.0 

6.5 

1964 

8.6 

12.6 

5.37 

14.0 

232 

1.00 

1.28 

24.8 

1.47 

1160 

8 

1951 

.0383 

6.2 

4.0 

1949 

9.1 

12.7 

1.17 

9.7 

120 

1.10 

1.30 

13.0 

1.47 

609 

9 

1936 

.0417 

12.6 

5.7 

1929 

9.6 

13.0 

2.71 

14.6 

155 

0.99 

1.26 

16.3 

1.44 

750 

10 

1916 

.0395 

12.8 

6.3 

1909 

10.5 

14.6 

3.85 

17.2 

157 

0.97 

1.18 

15.4 

1.47 

720 

11 

1894 

.034 1 

13.4 

6.8 

1887 

11.7 

18.3 

5.72 

20.0 

164 

0.95 

1.04 

14.3 

1.54 

703 

12 

1869 

.0397 

15.5 

9.0 

1862 

13.0 

20.9 

4.08 

18.6 

155 

0.95 

1.22 

15.8 

1.47 

740 

13 

1841 

.0357 

16.0 

10.2 

1835 

14.7 

25.1 

6.30 

22.0 

158 

0.95 

1.13 

14.9 

1.51 

717 

14 

1810 

.0293 

15.3 

6.9 

1804 



5.54 

22.2 

116 

0.95 

0.93 

9.0 

1.65 

473 

15 


Hence the bar entering Pass No. 6 has a temperature of 1612 — 
27 =- 1585 degrees F. 


The tor({ue on one roll (Column 26) 


993, ()()() pounds Force X (),449-inch lever arm 


12 


= 37,200 pound feet. 


and the estimated horsepower required for Pass No. 5 is 


2 X 2^ X 37,200 X 52 r.p.m. 

X 1.30 roll neck friction factor 

=960 horsepower. 

33,000 


The calculations for the strip mill. Table XX\ II, have been 
checked with actualK' measured values, both of temperatures 
and of ]')ow('r r((|nir(mu'nt, obtaivu'd in t(*sts on se\'eral differ- 
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ent hot strip mills, and were found to coincide closely with 
these values. 

Table XXVIII shows the results of similar calculations for a 
series of billet passes. The temperatures and forces were cal- 
culated in the manner just described, and the values of torque 
were calculated by estimating the value of the ratio 'lever 
arm distance to mass-center of projected contact area.” The 
estimated values of roll neck friction factor and of power re- 
quirements are shown in Columns 28 and 29, and are based on 
the use of ordinary sliding neck bearings, in which the coeffi- 
cient of friction is assumed to be 0.07. 

Tables XXVII and XXVIII are shown here as illustrations 
of a problem with which the roll designer is sometimes faced; 
namely, the determination of intermediate and final tempera- 
tures of the bar, and of the power requirement in each pass, 
from the previously determined dimensions of the starting sec- 
tion and of the passes. An exact solution of such a problem, par- 
ticularly with regard to the temperatures, can be obtained only 
by trial, because the values of the coefficients of the formulae 
vary greatly with apparently slight changes in operating condi- 
tions. Calculations such as these must therefore be regarded 
only as approximations. 

Alloy steels require more power for rolling than does or- 
dinary mild steel. In Table XXIX, data are given for the ratio 
of the power required for rolling various alloys, to the power 
required for rolling ordinary mild steel at the same temperature 
(from Stahl und Eisen, Dec. 12, 1929). 


TABLE XXIX 







Ratio of 





Rolling 

power required to 





that of mild stetd 

Fe. 

JtVJLUlCilUl"- 

Cr. 

— 

temperature. 

at the same 

Ni. 

Mo. 

degrees F. 

temperature 

100 




2300 

1.00 

50 

50 



2120 

1.62 

20 

63 

17 


2100 

2.31 

16 

62 

15 


2100 

3.86 


80 

20 


2100 

3.08 


100 



2100 

1.27 
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The power requirement for rolling is frequently expressed 
in terms of “kilowatt-hours per ton”, or “horsepower-hours per 
ton”. These terms are of interest principally to the man who 
pays the bills, and are of importance to the roll designer only 
when he wishes to work backward from “horsepower- hours 
per ton” to the power requirements for rolling. For that purpose, 
the following relations are used: 

long tons rolled per hour = 

final cross-sectional area, square inches X 27rH X r.p.m. X 60 X 490 
1728X2240 

final cross-sectional area, square inches XRX r.p.m. 

21 

where R == roll radius inches 

horsepower 

Then, horsepower-hours per ton=- 

tons per hour 

Or, horsepower = ( horsepower-hours per ton ) X ( tons per hour ) . 

For the benefit of those who have to make quick calcu- 
lations of the power consumption of mills, the curves of Fig. 



Fig-. 310 
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810 are offered, which were correlated froni numerous actual 
measurements of the power consumption of various mills. The 
values read from them include roll neck friction, the mills in 
all cases having had ordinary rough lubrication of the roll necks. 
As this factor varies greatly from one mill to another, great ac- 
curacy cannot be expected from the application of these values 
to each individual case. They also include power consumed 
in the pinions, and efficiency of the motor; that is, the figures 
represent actual input to the motor, hence the power consump- 
tion as figured by the use of these curves is usually considerably 
higher than those obtained by the detailed method exemplified 
in Table XXVII, because the latter includes neither pinion friction, 
nor pinion neck friction, nor motor efficiency. 

As an example, let 22 x 24-inch ingots be rolled in a bloom- 
ing mill to 8 X 8-inch billets at an average temperature of 2100 
degrees F. The number of elongations 
22X24 

= =8.25 Log. (8.2,5) =2.11. 

8X8 

From the lowest curve of Fig. 310, the constant C --- 2000. 

2000X2.11 

Kilowatt-hours per long ton = =12.8 

■3.30 

12.8 

Horsepower-hours per long ton= =17.2 

0.746 

Where the number of elongations is large, the tcmiperature 
drop is likely to be considerable, and in that case, instead of try- 
ing to estimate an average temperature for the whole rolling 
process it is best to divide the calculation into several stages, 
for each of which the average temperature can be estimated 
more accurately. 
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The Rolling of Nonferrotis Metah 


While steel is the principal metal which is shaped between 
rolls, it is by no means the only metal. Copper, brass, bronze, 
aluminum are rolled in all those cases where rolling is either 
cheaper than extruding or else results in a better quality of 
product. 

As a rule, small sections can be exti-uded at less cost than 
they can be rolled, because there is suflFicient demand for small 
sections to w'arrant the in.stallation of an extrusion press. Large 
sections are rolled, not only because of cost, but also because 
large extrusion presses cause too much trouble in operation. 

The smallest section which is being rolled varies from one 
plant to another. 

Figs. 311, 312 and 313 (courtesy Bridgeport Brass Co.) 
show sections which were rolled before the company installed 
a large c.xtnision machine. These passes .show actual sections 
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Fig. 312 


from cold rolled brass rod, which is made of a mixture contain- 
ing 65 to 67 per cent copper, with lead running from 1.1 to 1.6 
per cent. The same passes are also applicable for mixtures con- 
taining 62 to 85 per cent copper without any lead. These rods 
(with the exception of Pass No. 7 on Fig. 311) were annealed 
after each pass. The rolls were hard chilled iron, and a little 
crude oil was allowed to drip into the groove in which I’olling 
took place. In the absence of lubrication, the friction between 



F.g. 313 
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rolls and bar was sufficient to tear the skin from the surface of 
the brass. This material built up on the rolls and roughened 
them. When these rolls were so roughened, the increased co- 
efficient of friction increased the spreading (see VoL I, page 
87), and ovei*fills and even fins were produced. 

Fig. 313 shoM's five different passes No. 1, all of which were 
used successfully in forming the first pass from the entering 
round. 

In Figs. 314 to 316 a number of passes for hot rolling brass 
and bronze are offered through the courtesy of the same com- 



paiiy. These passes work successfully on mixtures of the fol- 
lowing type: Copper and zinc running from pure copper down 
to a mixture containing 90 per cent copper and 10 per cent zinc. 
It is expected these same grooves will work successfully with 
80 per cent copper and 20 per cent zinc. The passes work 
well with copper-tin alloys containing up to 1.8 per cent tin 
with silicon contents up to 1.0 per cent, also for copper-cad- 
mium alloys containing up to 1.0 per cent cadmium. 

Fig. 314 shows a few characteristic passes for hand rounds 
from a two high mill witli steel casting rolls of 50 V 2 inch body 
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length and with diameters of IdVs inch (top roll) and 16 inch 
(bottom roll). The necks have 10 inch diameter and are 9% 
inches long (each). Very clearly shown is the fact that only 
a portion of the circumference of the bar is in contact with the 
rolls. 

The reduction inscribed in the passes may be misleading. The 
values are correct for breaking down, but not for finishing, be- 
cause the bar is passed through the same groove several times, 
each time with less reduction, as was explained on page 79. 

Fig. 315 offers a series of characteristic diamond passes 
from a three high mill, having roll diameters of 16% inches 
(top), 17 inches (middle) and 17% inches (bottom), with roll 
body length of 50 V 2 inches and neck dimensions of 10 inch 
diameter by 9V2 inches length. The fact that the bottom roll is 
largest, appears contrary to usual practice. Rolling is done zig- 
zag fashion (see page 180, Vol. I), except that two finishing 
passes lie in the same vertical plane. The rest of the roll is 
given over to a square-oval-sqiiare reducing series. 

Such a series for rolling V 2 -inch rounds is shown in Fig. 
316. For purposes of convenience at the mill these passes lie in 



three different stands, roughing rolls 10 x 24 inches, strand rolls 
10 X 20 inches and finishing rolls 10 x 14 inches. 

In designing grooves for rolling non ferrous metals the de- 
signer should (for the sake of comparison with grooves for 
steel) know the tensile strength of the noiiferroiis material at 
the temperature of rolling, and the coeificient of friction l)(‘tw(‘(Mi 
bar and rolls. That coefficient determines tlu‘ hiting angl(‘, tin* 
spreading, and affects the separating forctx Tlu‘ t(‘nsil(‘ slr(‘nglh 
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(in conjunction with the coefficient of friction) determines the 
separating force, which latter, as was shown in Vol. I, fixes diam- 
eter and length of roll for rolling bars of a given size. 

As a rule, the roll designer does not pursue so scientific a 



course, but designs by comparison with rolls and passes which 
have been used in rolling another size of the same material. 

In the absence of such data, the before mentioned informa- 
tion must be available, together with the knowledge of the tem- 
perature at which the material can be rolled. As an example for 
the fact that nonferrous metals offer surprises to the steel man 
the rolling temperature of aluminum and its alloys may be 
mentioned. That temperature lies in the range from 700 to 
900 degrees F., which is below red heat. At those temperatures, 
aluminum alloys are just as shiny and bright as cold aluminum. 
At these temperatures, some aluminum alloys are harder than 
mild steel is at 2200 degrees F. This fact is well brought out 
in the curves of power demands for rolling as published by thc' 
late R. L. Streeter (‘The Rolling and Extrusion of Aluminum 
and Its Alloys”, A. S. M. E., 1932). 

From th(‘ same publication Figsf 317, 318 and 319 were 
taken. Fig. 317 shows passes for a 38 inch blooming mill. They 
reveal the int(‘rc‘sting fact, that aluminum spreads top and bot- 
tom down to tlH‘ last pass, while steel spreads top and bottom 
in the early passes, and then changes to spreading in the center. 
The difference is due to several facts. Aluminum is rolled at a 
lower temperature, and does not lose heat as rapidly as steel 
for that very reason. The surface of aluminum is smooth and 
bright; for that reason, the radiation of heat, at a given tempera- 
ture', is less than for steel. Both facts serve to sustain the tein- 
])(‘ratiir<‘ of tli(' bar. Finally, aluminum is an ('xccllent con- 
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Appendix 


219 


ductor of heat. In consequence, the interior is only a trifle 
hotter than the surface, and the reason which causes steel to 
spread in the center is absent. Blooming mill rolls can, there- 
fore, be made cylindrical (without a “belly”) in all passes, par- 
ticularly since ragging is taboo. Since aluminum has a much 
higher coefficient of friction than steel, ragging is unnecessary. 

Figs. 318 and 319 show, respectively, the passes for a 6 inch 
channel and for a 4 inch by 4 inch angle, both rolled on a 24 
inch — 26 inch structural mill. No dimensions were given in 
Mr. Streeter s paper. The design is affected by the great fric- 
tion of aluminum, which results in great spreading unless the 
rolls are highly polished. 

Few data are available on the resistance to compression 
or the power consumption in rolling the nonferrous metals. In 
cold rolling, the average ratios of these quantities to the corre- 
sponding values for cold steel are roughly about as follows: 
Copper, 50 per cent; brass, 90 per cent; aluminum, 25 per cent; 
zinc, 35 per cent. The ratios vary with the flow-hardening, 
which in brass, for example is quite high. 

Roll Passes for Seamless Tubes 

Although piercing rolls have no grooves in their surfaces, 
the piercing rolls, in conjunction with the plug, form a well 
defined pass, which changes the tube blank from a solid circular 
area to an annulus of approximately the same cross section. 

Fig. 320, which represents piercing rolls of a late type, 
illustrates the pass very well. The blank enters at the left, is 
reduced in cross section and then formed into a tube in the 
space between rolls and plug. The pass, therefore, consists of 
a convergent part and a divergent part. The purpose of the 
divergent part is easily seen, but that of the convergent (or 
first) part is less apparent. 

Before going into this discussion, it may be advisable to 
mention that the skew rolls turn in the same direction and im- 
part a rapid rotation to the blank, also that the oblique or skew 
position of the rolls imparts a forward feeding motion to the 
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blank. Both motions are imparted to the blank solely b)’ 
friction. 

Concerning the design of rolls and of the mandrel, R. C. 
Stiefel, one of the greatest exponents of the rolling of seamless 
tubes, gives the following instructions ( in a joint paper with Mr. 
Pugh, May 1928 meeting of American Society of Mechanical 
Engineers in Pittsburgh): 

"‘Until lately there has been no good and reliable procedure 
established to determine the most favorable size of solid billet 
from which to produce a given tube; it has been largely a mat- 
ter of rule of thumb'. A common practice was to choose a 
solid billet of a diameter approximately the same, or somewhat 



smaller, than the desired tube. The correct method to deter- 
mine the most favorable size of solid billet is as follows: 

""The piercing diagram illustrated in Fig. 320 is arranged 
in such a manner that the converging pass CA formed between 
the rolls establishes enough grip on the billet, by the time the* 
latter has progressed to point D, to force it over the point of the 
mandrel. The elongation of the billet, that is, the reduction 
of its cross-sectional area, .should be done only in the converging 
pass from C to A with a minimum draft or reduction of the billet. 


Appendix 


22 i 

The diverging pass, from A to B, between the rolls and the man- 
drel is arranged so that the cross-sectional area of the billet at 
A is equal to that at B. In a piercing pass established to fill 
these conditions, the billet is only subjected to expansion in 
the diverging pass and to elongation in the converging pass. 

“It will be clear from a closer study of Fig. 320 that the 
metal of the billet has a fair chance to flow lengthwise (or the 
billet has a chance to elongate) in the converging pass where 
it is gripped between the two roll faces forming a comparatively 
large included angle a between them. But where the metal is 
gripped between the two converging roll faces and the two 
corresponding mandrel faces, it becomes almost impossible for 
it to flow lengthwise between the respective roll and mandrel 
faces which form a smaller flow angle g for the metal than is 
the case in the converging pass. On the other hand, it is evi- 
dent from the cross section at yy of Fig. 320 that the flow angle 
in the transverse direction is greater than in the longitudinal 
direction, from which ft follows that in the* diverging pass the 
metal meets less resistance to flow in the transverse direction 
(expansion) than in the longitudinal direction (elongation). 
From this analysis it becomes clear that the diverging pass 
should logically be d(^termined, as described, so as to compel 
expansion, and not elongation of the billet, instead of by using 
a mandrel the shape of which is determined by guesswork. 

“T1k‘ foregoing procedure of determining the piercing con- 
ditions for a giv(m size tube is a sure way to obtain the best 
rt'sults, witli r(‘fer(Mice to piiuLshinent of the steel and consump- 
tion of pow(‘r. 

“It will 1)(‘ noted from Fig. 320 that at the first contact C 
(‘slablished h<‘twc‘(‘n the billet and the rolls, the diameter of the 
roll is small wliih^ the billet is large; as the billet progrt'sses 
from (’ to A, th(‘ diameter or circumference of the billet de- 
cr(‘as(‘s whil(‘ that of the roll increases; from A to B the reverse 
tak(‘S plac(‘, tliat is, tlu‘ diameter or circumference of the billet 
incrc*as(‘s whih' the* corresponding diameter or circumference of 
th(‘ rolls d(‘cr(‘as(\s. This irrational relation between correspond- 
ing diairK‘t(‘rs, and cousecjuently speeds, of the rolls and billets 
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at different contact points during the progress of the billet 
through the piercing pass, results in the setting up of injurious 
stresses in the billet; it also results in the breaking up of the 
center of the billet before it reaches the point of the mandrel, 
thereby favoring the penetration of the mandrel into the center 
of the billet; but it also has the effect of producing enormous 
friction or slippage between the rolls and the billet on the out- 
side as well as between the mandrel and the billet on the inside. 
When considering that the metal pressure exerted by the rolls 
onto the billet may amount to several hundred thousand pounds, 
it will be evident at once that much slippage under such great 
pressure will result in enormous waste of power. 

'The peculiar functioning of the mandrel in the pass of the 
now customaiy piercing machine also greatly contributes to 
the setting up of injurious stresses in the billet. It is apparent 
that the rolls, being obliquely disposed in relation to the axis 
of the billet or pass, tend to rotate the billet and feed it forward 
over the mandrel. ■ The axis of the billet and the axis of the 
mandrel being the same, it is clear that the mandrel has no for- 
ward feeding effect on the billet; the billet therefore is fed or 
pulled or pushed forward on the outside by the rolls while the 
mandrel on the inside tends to prevent it from moving forward. 

"Furthermore, it will be noted that to the large diameter of 
the roll is opposed the small diameter of the mandrel, while to 
the small diameter of the roll is opposed the large diameter of 
the mandrel. The torsion and slippage stresses to which the 
outside of the billet is subjected by the speed differences of 
the rolls, as explained before, are therefore being repeated for 
the same reasons on the inside by speed differences of tlie man- 
drel. All this occurs under the heavy pressure on the metal 
necessary to displace it from under the contacting surfaces be- 
tween it and the rolls and mandrel. 


What has been stated heretofore with reference to power 
absorption by slippage or friction by the rolls on the outside 
of the billet, also applies in connection with the similar great 
friction or slippage occurring between the mandrel and the 
inside of the billet.” 
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The upshot of this general discussion, stated in different 
words, is the following: Plastic naaterial flows in the direction of 
least resistance, that is to say, away from and normal to the 



Fig. 321 


short side of the projected contact area. The shape of that area, 
as may be seen from Fig. 321, is very long in the direction of 
feed and very thin in the direction of motion of the rolls. The 
initially round billet becomes elliptical between the rolls and 
ilows backward (relative to the feeding velocity of the rolls). 
Continued change of shape causes sliding of diametral planes 
over one another, whereby the center is disintegrated. The fact 
that tension exists in the center of a cross-rolled cylinder is ap- 
parent from Fig. 322. The convergent pass, therefore, serves 



Fig. 322 
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mainly for pui'poses of disintegration and for overcoming the re- 
sistance of the mandrel. The nose of the plug reaches into the 
convergent pass and is by experience placed so that practically 
no hole is formed ahead of the plug, although the material is 
disintegrated and is ready to form a hole at the least provoca- 
tion. The rest of the projected contact area serves for en- 
larging the diameter and for moving the blank ahead against 
the frictional resistance of the plug. 

Mannesmann had hoped to produce finished thin-walled 
tubes by cross rolling. He could not succeed because the feed 
forces are too feeble to overcome the additional friction of th(‘ 
longer and larger plug which would be necessary for producing 
a thin-walled pipe. Under ordinary conditions the wall thick- 
ness of the blank is 1/7 to Vh of the exteimal pipe diameter. 
Under favorable conditions it may be 1/10, whei-eas in the final 
tube the wall must be much thinner ( 1/20 of the outside diam- 
eter in standard AVz inch pipe, 1/32 of the outside diameter 
in 8 inch pipe). 

Any device which helps foi*ward motion of the pipe per- 
mits the wall thickness to be reduced in the piercing pass. The 
use of larger rolls helps, but the gain is very small in compari- 
son to the increased cost of the mill. Mannesmann originally 
used three cross rolls, but did not make them small enough. At 
any rate, the gain was small. Kocks in Germany has recently 
used four small rolls and has apparently obtained good results. 
In the United States, S. Diescher (Pittsburgh) has added high- 
speed disks top and bottom which lie in the same position as thc‘ 
rolls of a tube welding mill and help to pull the tube blank 
through the cross rolls. His results have been excellent. 

Billets and round ingots can be pierced by the cross roll- 
ing method, using a variety of proportions. In the course of 
50 years, these have narrowed down to certain limits. The diam- 
eter at the high point of the rolls is from 1.75 to 5 times the di- 
ameter of the pierced blank. The large value holds for small 
tubes (3 inch to 4 inch) while the low value holds for large 
tubes (for instance 12-inch diameter). It should be noted thai 
the ratio is given for the tube blank, and not thc‘ finislu^cl Inlnv 
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The angle between roll and blank (that is to say, the angle 
l)etween roll and horizontal) is 4V2 degrees in European prac- 
tice, and adjustable from 6 degrees to 12 degrees in American 
practice, for the purpose of increasing the output for small 
tubes; the difference is due to the fact that the European pierc- 
ing methods pierces an ingot and prepares it for the Pilger mill 
If the skew angle is too small the forces producing foiward feed 
are too feeble, and the wall thickness of the pierced blank must 
be very great. If the skew angle is too large, the forward feed 
is too rapid, and the blank is not properly disintegrated. 


dra/o' 4^0 6* 6ro€ IroZ"’ 



The cone angle on each side (V 2 of the total angle of each 
eoiK‘) li(‘s between 5 degrees and 10 degrees. If that angle is 
too small, the cones must be too long, the projected area be- 
comes too long, backward slip becomes too great, and power 
is wasted. If the angle is too large, not enough projected con- 
tact ar(*a is available for forward feeding. 

In som(‘ mills, a cylindrical band, about 1 inch wide is inter- 
pos(‘d betw(‘en the two cones. 

It can be s(‘(‘n that the rolls for the piercing process are 
the* result of a compromise between conflicting conditions and 
that tlu‘ roll designer has very little freedom of action. 

In Chninan practice (which has also been adopted in several 
mills in the United States ), the proportions given in Fig. 328 ar(' 
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common. In this drawing the maximum roll diameter d ~ 1.75 
to 2 times the diameter of the round bloom or ingot entering 
the mill. These rolls differ from those commonly used in the 
United States in the following respect: The converging pass 
consists of two cones, whei'eby the beginning of the roll has a 
smaller diameter for a given length of roll) than it would other- 
wise have. This reduction of diameter is due to the fact that 
the German Mannesmann process pierces round ingots, which 
are taper. The long ingots are broken into shorter pieces which, 
in consequence, have different diameters. The entrance open- 
ing must be large enough to grip the largest ingot section. In 
the seamless tube processes developed in the United State.s, 



prerolled rounds enter the piercing mill. They are of uniform 
size, and the necessity for a break in the entrance cone does 
not exist. 

On the divergent side, the cone angle is greater than on 
the convergent side. This change of angle helps the foi-ward 
feed, and permits the use of a plug of parabolic outline, see 
Fig. 324. The roll is then enlarged again so as to stay in con- 
tact with the newly formed tube, for the purpose of smoothing 
down helical ridges left by the piercing cones and for making 
the cross-section of the tube truly circular. In the United States, 
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this “finishing pass” of the piercing rolls is seldom used, with 
the result that the pierced blanks are rough and irregular. How- 
ever, that irregularity is not fatal, because it can be smoothed 
out in further rolling, unless the tube blank is eccentric. To 
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avoid eccentricity, uniform heating, and guiding of the blank 
(top and bottom) in the pass between the rolls are necessary. 

The convergent-divergent pass, coupled with forward feed- 
ing can be had by rolls of shape very different from that of the 
Mannesmann cross rolls. Stiefel, who went through the ex- 
perience with early Mannesmann mills in Great Britain, tried 
to reduce the twisting strains in the round billet by using disks 
(Fig, 325) or by nearly parabolic cones (Fig. 326). Both types 
of Stiefel piercers are much used in the United States. 
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Bearings, for roll necks 

for vertical rolls 

synthetic fiber 
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blooming mill . - . , 
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Channels, ( Continued ) 

division between liange and 

web 

rolling of, 

by beam roughing 

method 
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method 

b y combination 

method 
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for cutting-in 
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Contact, temperature drop due to. 

Continuous mill 

Contraction, ot flanges in channels 
in cooling of rails . . . 
in cooling of squares 

in die rolling 

Cooling, of channels 

of I-beams 

of rails 

of squares 

Copper, passes for 

Corrugated ingots 

Corrugated web 

Corrugations, in piling beams. . . . 

Cost 

Couplings 

Cracking, of bar due to bending. 

of edges 

of ingot 

of rolls 

Crazy T 

Crippling, in T-section 
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Cross-country mill 

Curling of billet 

Curving, of bar 

of rails 
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in I-beam passes 

in rail passes 
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Dead hole 
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Deflection of rolls 

(See also Roll spring) 

Deformation, of bar 
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Oiajijonal rolling, 

of I-h(‘ains 

of irregular sliapes. . . . 

of rails 

of tees 
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as affecting wear. . . . 

difference of 

Diamond passes 
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Die rolling 

Diescher 
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Disk rolls 
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Drag rolls 
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Elongation, ( Continued ) 

in die rolling 188 

in quick-reduction series .... 90, 91, 94 

of angles 101, 103 

of channels 118, 119 

of flat sections 58, 59, 76 

of tees 144, 145 

prevention of 65, 130 

End thrust, in angle passes 110 
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Inclination of flanges in channel 
in I-beam 

Inclination of sides of pass. . . . 

Increasing spreading, method of 

Ingots, defects in 

fluted 

round 

shape of 

size of 

slab 

Irregular shapes 
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Metal movement, in channel passes. . . . 118, 122 

in tube rolling 221, 223 

aMicronieter adiustment of die rolls 181 

iMonkey rolls 20 

Mo\’ement of metal in channel passes. . . 118, 122 

Neutral point 188 

Nonferrons metals, rolling 213--219 

Number, of elongations 212 

of passes, for angles 101 
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for rails 154 

for tees 142 

for tie plates 165 
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sections 179 


Open box passes 
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Passes, (Continued) 

for piling beams 

for rails 

for rail joint (splice bar) 

for rim section 

for rounds 

for round ingots 

for seamless tubes 

for sheet bars 

for tandem blooming mill 

for tees 

for tie-plates 

for Z-bars 

gothic 

number of 

oval-round-oval series . . • 
oval-square-oval series . . . 
squares and diamonds .... 
tongue-and-groove 
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Periodic rolling 

Piercing rolls 

Pilger mill 

Piling-beam passes 

Pinching of roll 
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Pitch diameter 

Pitch line 

Pitting of rolls 

Plug 

Power consumption, 

for nonferrous metals 
Power requirements of rolling mills, .... 

method of calculating 

Pressure, on guide 

on rolls 
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Pressure-hill 

Prevention, of elongation 

of fins 

of spreading 

Projected contact area, as related to roll 
diameter 
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power required 

4. 12, 16, 17, 23, 25, 

30, 


31, 34, 38, 192-194, 201, 202, 
205, 209 

in die rolling . . . 

184, 190 


in gothic passes. 

39 


in tube rolling. . 

223 


of angles 

102, 105, 107, 108 


of billets 

30, 31, 34, 38, 39, 48, 
95, 96 

93, 

of blooms 

4, 12, 16, 17, 23, 25 


of channels 

114, 117 


of finished squares 

48 


of flat sections . . 

71 


of rails 

160 


of rounds 

81 


of seamless tubes . 
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Projected contact length, 

194, 202, 205, 206-209, 223 


as related to wear 
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of billets 

30, 31, 34, 38, 94 


of blooms 
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31 

30, 

Proportional reductions 

168, 175, 179 


Proix)rtions, for flat passes 

54, 55, 58-61 


for square passes 

62 


for stepped rolls 

58, 59, 61 


of oval leader for rounds . . . 

83 


of passes, diamond 

41, 42, 44 


gothic 

37 


square 

44, 47, 51 


Protection, of edges 

114, 115, 168 


of sides 
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Pugh 

220 


Pulling down 

119, 130, 138, 144, 165 


Quick-reduction series 

50, 89-98 


Radiation, temperature drop due to. . . . 

203, 204, 208, 209 


Radius, effective 

184 


of fillet 

37, 47, 79, 80, 174 


of gothic pass 

35-37 


Ragging 
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Rails 
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Rail- joint passes 
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Rate of compression 
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Hedressing of rolls, 

in die rolling 

Reducing series of passes 

Reducing-and-bending method, for angles 

Reduction, as related to biting: 

in angles 

in billet mill 

in blooming mill 

in channel passes 

in diamond passes 

in /die rolling 

in finished squares 

in flats 

in gothic passes 

in I-beams : . . 

in irregular shapes 

in ovals 

in rails 

in rounds 

in square series 

in tees 

in tie-plate passes 

permissible 

Relieving, at sides of round pass 

Removal of scale 

Rendleman 

Rerolling of rails 

Resistance, roll train 

Resistance to compression 

Restriction of spreading 

Resultant force 

Rim section for wheel 

Roll adjustment 

Roll, Rolls, (see also Passes) 

blooming mill 

cost, relative 

diameter, 


difference of 

for alloy steel 

for flats 

for slabbing mills . . . 
for three-high mill . . . 
length 
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98 



152, 

155, 

159, 

162 




80, 

82 






49 







144- 

148 






168 







92, 

93 






88 







37, 

61, 

63, 

73, 

76, 

89, 

104 

138 







162 







191-; 

212 






4, 

12, 

16, 

17, 

23, 

25, 

30, 

31, 

34, 

38, 

203, 

209 



7, 

39, 

44, 

65, 

71 



192 







172, 

173 






90, 

109, 

115, 

125, 

132, 

136, 

144, 

181, 

185-188 





3, 

11, 

14, 

19, 

21, 

22 


129, 

137, : 

213 





6 , 

8, 

15, 

18, 

32, 

42, 

50, 

53, 

57, 

77, 

87, 

93 



20, 

32, 

40, 

57 




18, 

37 






54-76 






53, 

54 







18, 

21 





5, 

13, 

32, 

53, 

58, 

112, 

1 15, 


154 
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Roll, Rolls, (Continued) 

neck friction 

5. 197-199,211 

size of, for nninds 

87 

for tees 

144 

for tubes 

224, 226 

«prinj? 

no, 130, 184, 190 

stepped 

56, 58 

strength 

8, 13, 32, 130, 138, 140, 191 

train resistance 

191 

wear ( see Wear of rolls ) 

Roller htnirings 

198, 199 

Rollers, table 

1, 2, 26, 123, 172 

Rolling mill torque 

191-2L2 

Rolling, of various sections (sec name of 
.section ). 

Rolling, oii diagonal (see Diagonal roll- 

.six^ed of ' 

2, 5, 20, 22-24, 26, 93, 

1.56, 182, 185, 202, 205, 209 

Rolling-off, in die rolling 

188, 189 

Holling-on, in die rolling 

188, 189 

Rolls, speed of 

3, 5, 16, 17, 25, 26, 28, 

30, 31, 34, 38,202,209 

Roughing roll for rails 

163 

Rounds, for forging 

88 

passes for 

80, 82, 8.5-87 213-215 

rolling of, 

79-89, 97, 98 

brass 

213-215 

Round ingots 

1 

pa.s.ses for 

22, 23 

Scale, cracking off bar 

61, 53 

effect of tc*nipcratur(‘ on 

89 

rcino\'al of 

37, 61, 63, 73, 76, 89, 104 

rolled into bar 

37, 76, 89 

Seamless tidx* rolling 

219-228 

S(‘ction-by-.seetion analysis, 

of l)cnding-up pa.ss for angles 

of edging pa.ss for angles. 

102 

of channel pas.ses 

102 

of gothic pass 

116-120 

of I-beam pass 

39 

of leader entering round. 

133 

of o\ a] entering .s<iuare 

81 

of rail i)asses 

95 

of sheet-l)ai pass(‘s 

1,59, 162, Pliiti' \’l 

of s(|nare sca'tion 

69 
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Roll Pass Design 


Section-by-section analysis, ( Continued ) 
of square entering oval 

48 


Semicontinuous mills 

96 


Separating force, 

24 

4, 5. 12, 16-18 23, 

25, 


30, 31, 34, 38, 192-195, 

198, 

lever arm of . 

200, 203, 20T, 209 

4, 12, 15-17, 23, 25, 

30, 


31, 34. 38, 192, 196, 200, 201, 

Shadow formation 

207 

79 


Shapes, rolling of 

99-179 


Sharp corners, in flats 

56, 61, 62 


in bars 

174 


Sheet bars 

62-73 


Sheet-piling passes 

171, 172 


Ship channels 

115 


Shortening, in die rolling 

189 


Shrinkage in cooling (see also Contrac- 
tion ) 

189 


Side guards, as detennining size of collars 

26 


Side pressure (or force) 

155 


Side thrust on collars 

15, 110 


Sidewalls, inclination of 

14, 18, 61, 90,117,120,123, 

Sidework, 

124,127, 131, 136, 155, 168 
120, 162 


caused by suppressed spreading 

57, 65, 73, 76 


in I-beams 

131 


Silo-strap 

183 


Simultaneous rolling of several bars 

28 


Size, (see also Proportions) 

of billet for seamless tubes 

220, 224 


of box passes 

8 


of entering section, for tee 

146 


for tie-plates . 

165 


of initial section, for I-beams, 129, 

138 


for rails 

152 


for sheet piling 

172 


of mill, for rounds 

87 


for tees 

144 


of rolls, for tube rolling 

224, 226 


of square passes 

47 


Sizing mill 

88 


Skew rolls, for rounds 

88 


for seamless tubes 

219, 220, 226 


Slab-and-edging method, for rails. . 

152, 159 
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vSlabbing action, 

in tees 

Slabbing mill rolls 

Slick method of rolling I-beams 

Slip, forward 

Speed, of bar 

of rolls 


136, 154, 175 
149 

53, 54 
127, 128, 136 
93, 182, 184, 185 
20, 22-24, 26, 93, 156, 182, 

185, 202, 205, 209 
3, 5, 16, 17, 25, 26, 28, 

30, 31, 34, 38,202,209 


Slope, (see also Inclination) 

of flanges, in I-beam 127 

in channel 124 

of sides of pass 90, 120, 123, 124, 168 

Spindle 191 

Splice bar 168 

Spreading, in gothic passes 39 

in diamond and square passes 44 

in flat passes 55, 59, 61 

in sheet-bar passes 63, 65, 67, 71 

method of increasing 66-68 

of aluminum 217 

of angles 101, 103, 104, 109 

of billets 39, 41, 44 

of blooms 6, 7, 9, 10, 22 

of channels 114, 118, 119 

of ‘'crazy tee’' 175 

of flats ' 54, 55, 59-76 

of hexagons 77 

of I-beams 130 

of irregular shapes 175 

of rails 152, 159 

of rounds 83, 88 

of tees 140, 142, 144, 146 

prevention of 15, 55, 64, 65, 92, 168 

restriction of 7, 39, 44, 65, 71 

Si)r(*adiiig factor 54, 55, 58-61 

Spring of rolls 110, 130, 184, 190 

Stpiares, finished 47-52 

Scpiare and diamond passes 41, 91 

Square root angle Ill 

Sciuare root channel 124 

Square sections, 1, 41-52 

reasons for using. ... 1 

Sfiuaring-up ingot ^ 

Steam, insulating layer 202 

Stepped rolls *'50, 58-61 

Stickers Ifi 
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Sticking, of tees 

Stiefel 

Stops, on table 

Straightening rails 

Strap, silo 

Streeter 

Strength, of rolls 

of no ill parts 

Stresses, in bar 

in rolls 

Stretching, of sides of bar 

of web of I-beam. . . . 

Strip, rolling of 

Suppression of spreading 

Swaging action, in gap mill 

Synthetic fiber bearings 

Table, of tee 

Table rollers, 

grooved 

Tailoring 

Tandem blooming mills 

Taper (see also Inclination) 

Taper parts, die rolling of 

Tearing of edges 

Tee~shapes 

Temperature, effect on forward slip 
for rolling aluminum 
of bar 


Temperature difference 

Temperature drop, due to contact 

due to radiation. . . . 
Temperature rise, due to compression. 

Temperature \ariation 

Temporary flange 

Ten-cornered pass 

Tension, in tube rolling 

in web 


144 

220, 228 
144 
159 
182 
217 

8, 13, 32, 130, 138, 140, 191 
191, 193 
101 

4, 5, 12, 16, 17, 50, 31, 

34, 38 
91 

131, 138-140 
201 

15, 55, 64, 65, 92,168 
182 
161 
140 

123, 172 
26 

80, 81 
20 

10, 188 
188 

114, 115 
99, 140-150 
185, 186 
217 

4, 12, 16, 17, 23, 25, 30, 
31, 34, 38, 77, 79, 89, 98, 
144, 159, 175, 182, 184-187, 201- 
206, 209-212 

6, 44, 51, 77, 88,175,219 
201, 203, 206, 207, 209 

203, 204, 208, 209 

204, 207 

77, 88,196 

114, 115, 117, 120, 123, 168 
87 
223 
159 


Thickness, metluxl of \'arying, in angles . . 109 

in channels 125 


in I-beams. 132 


Thickness of tube blank 224 

Thickness ratio, of flats 56-60 
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Tliree-high mill, billet 

blooming 

for channels 

for I-beams 

Thrust, end 

side 

Tie plates 

Tin plate bars (see also Sheet bars) . . . . 

Tire sections 

Tongs, use of, in hand mills 

Tongue and groove passes 

Torque, 

friction 

Transmission parts, strength of 

Triangular corner, in channel passes .... 

Trimming off flash 

Tubular guide 

Turning 90 degrees between passes .... 

Twisting, of angles 

of bar 

of flats 

of leader, in hand rolling .... 
Two eciual passes, as leaders for rails. . . . 

as finishing passes . . . . 
for leaders and finish- 
ers 

Two-high mill, 

rolls for 


26, 27, 29, 33, 40 

11, 14, 18, 21 

117 

130, 134, 135 

90. 110 

15. 110 

164-167, 182, 187 
62, 65 

172, 173 

79 

56, 61, 62, 64, 66, 69, 74, 

75, 184 

4, 5, 12, 16, 17, 23, 25, 

30, 31, 34, 38,191,192,198- 

200, 203, 209, 

5, 198 
191, 193 
120 

182, 184 
88 

40, 47, 80, 82, 97 

no 

88 

57 

80 
153 
153 

85, 171 

2, 10, 20-24 53, 131, 172 

5, 22 


Underfill 

Uneven contraction 

Uneven temperature, 

effect of 

Uniformity of lieating 

Universal mill. 

for I-beains . 

Unsynnnetrical section 

Upsetting, reduction l)y 


83-85, 175, 179, 182 
159 
77 
88 

89, 227 
53 

127, 139, 137 
178, 179 
144, 175 


Vertical rolls 


53, 73, 88, 129, 137, 161 


Waffling of tie plates 
Wagon spoke 


182 

183 
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Warping of beams . . . , 127 

Water> chilling of channel web by 123 

on rolls 185 

used to blow off scale 89 

Wear, of collars 7*9, 15 

of leader pass 85 

Wear of rolls, in angle passes 104 

in blooming mills 8, 9, 15 

in channel passes 113,115,120 

in die rolling 184, 185 

in flat passes 72, 76 

in I“beam passes 131, 137 

in oval passes 85, 92-97 

in quick-reduction series . . 90, 92-94, 97 

in rail passes 154, 155 

in round passes 83, 85 

in sheet bar passes 72, 73 

Wide-flanged beams 129, 136 

Wire clamp 187 

Wire rod, rolling of 89 

Wobble necks, strength of 193, 194 

Wrought iron, cracking of 105 


Z-bars 

Zig-zag rolling on three-high mills 


111 

26, 32,216 




